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Foreword
TbobseⅣetrendsinthedevelopmentofJapan'sscienceandtecbnology丘.om a
long-ten perspective,technologyfわresightsurveyshavebeenconductedinJapan
aboutevery丘veyearssince1971,uslngtheDelphiteclmique.Globaly,alarge
numberofcountries,especialyinEuropeandAsia,haveshown growlngInterestSince
the1990sintechnologyforesight. Tbestablishtechnologypolicyortechnology
developmentprogram ,thesecountrieshavewidelyimplementedteclmOlogyforesight
usmgsuchpredictionmethodsa§血eDelphitechnique.
Underthesecircumstancesin March2000,ourinstituteheldtheIntemational
ConfTerenceonTechnologyForesight,subtitledwith"TheApproachtoandthePotential
forNewTechnologyForesight:'in cooperationwithAPECCenterforTechnology
ForesightandtheTsuknbaEXPO'85MemorialFoundation.
AtthisconfTerence,thelatestnewswasreportedconcemlngtechnologyforesightstudies
beingconductedinvariouscountriesandregions.Atthesametime,partlCIPantS
discussedandexchangedoplnionsonthefuture,techniques,andapplicationsof
teclmologyfbresight･ Onthewhole,theconfTerencebroughtabouthighlyslgnificant
results.
Thisreportprovidesasummaryoftheconferencetointerestedparties.Wehavethe
expectationthatthiswilhelptheminconductlngfわresightstudiesinthefuture.
Wesincerelythankthose,includinglecturersandparticipants,forthecooperationthey
extendedinholdingtheconferenceandcompilingthisreport.
KaomMamya
DirectorGeneral,Nationalhstituteof
ScienceandTechnologyPolicy(叩ISTEP)
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InternationalConferenceonTechnologyForesightReport
CosponsoFedbytheNationalhstituteofScienceandTechnologyPolicy,APECCenterfor
TeclmologyForesightandtheTsukubaEXPO'85MemorialFoundation,thehtemational
ConferenceonTechnologyForesightwasheldonMarch7guesday)and8(Ⅵ厄dnesday),200
atToshiCenterHotel(pirakawa-cho,Chiyoda-ku,Tokyo).
1.Theme
htemationalConftrenceonTeclmologyForesight-TheApproachtoandthePotentialforNew
TechnologyForesight.
2.Purposeoftheconference
Wlthgrowlngatentiondirectedtoitsincethe1990Sinmanycountries,especiallyinEurope
andAsia,technologyforesighthasbeenwidelypracticedtosetupascienceandtechnology
policyandteclmologydevelopmentprogram forthesecountries,uslngaVarietyofmethods
suchastheDelphiapproach.Underthesecircumstances,theintemationalconferencewas
heldwiththealm offurtherpromotingteClmologyforesightactivites,includingtheutilization
ofresultofforesightstudies.
3.Pa山cipant
Lecturer:20(from14countries,includingJapan,andtwointemationalorganizations).
Concemedpady:About50persons,includingThaiNSTDAI℃PreSentatives,TeclmologyForesight
Comi teemembersandstaflbmtheNationalhstituteofScienceandTeclmologyPolicy.
Participant:Atotalof300(March7:about2(泊,March8:aboutI(氾).
Breakdown:
March7 March8
Embassy
Governmentoffice
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Press
Other
10 3
17 5
106 57
24 4
26 18
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4.Outline
OnMarch7,afteran openlngaddressbytheNISTEPchiefandabriefexplanationofAPEC
CenterforTechnologyForesight,asessionwasstartedunderthesubject"CurrentTeclmology
ForesightActivitiesintheWorld,"whichincludedBritainandGemany.Thefolowlngday,
threesessionswereheld:"Multi-countryForesightActivities:'whichfocusedonactivitesat
theintemationallevel,"LessonsLeamedinTechnologyForesightfromDevelopingCountry
Perspectives,"involvingcountrieswhichareabouHostartforesightactivitiesontheirown ,and
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Perspectives,"involvingcountrieswhichareabouttostartforesightactivitesontheirown,and
"htegrationofSocioeconomicNeedsintoTechnologyForesight,"whichcenteredonactivities
conductedfromasocioeconomiCvleWPOlnt.ThefolowlngOutlinesspeechesoneachsubject.
lSponsor'saddress]JiroShibata,Directoraneral,NISTEP,Japan
AfterexpresslngthankstoAPECCenterforTechnologyForesightandtheTsukubaEXPO'85
MemorialFoundation,whopartlCIPated,gavespeechesandcosponsoredintheconference,the
directorgeneralbrieflyexplainedthecurentSituationoftechnologyforesightstudiesinJapan
andcitedhisexpectationthatthisconferencewouldcontributetoacceleratlngreneWedand
furtherdevelopmentoffわresightstudies.
lhtroductiOnofAPECCenterforTechnologyForesight]ChatriSripaipan,Co-Director,APEC
Center氏)rTechnologyForesight
APECCenterforTechnologyForesightstartedactivitiesinBangkokinFebruary1998,asthe
world'S丘rstorganizationtoconductteclmOlogyforesightstudiesataregionallevel.Itsmain
activitesincludeteclmologyforesightsurveysintheAPEC areasandmass-education
campalgnSincountriesinterestedinstartingteclmologyforesightstudies.
(Sessionl)CurentTechnologyForesightActivitiesintheWorld
ElevencountriesreportedtheirtToresightstudies,includingBritain,theU.S.,Germanyand
Japan･ThefolowingOutlinestheirreports.
(1)Britain(Prof.JohnWood,theUniversityofNotingham ,U.K.)
ThesecondforesightsurveyhasbeenunderprogresssincelastNovemberwiththeaimof
updatingtheresultsoftheinitialstudy,whichwasconductedin1994to1998･Thenewresults
wilbereleasedinNovember･hthecurentstudy,thecountryplanstopoolknowledgeand
infわrmationbyutilizingthenetworkofalargenumberofpeople･
(2)Australia(Prof.GregTegart,ExecutiveAdvisor,APECCenterforTeclmologyForesight,
Autralia)
Thelecturerspokeaboutthestudythatwasconductedin 1997byAustralian Scienceand
¶∋chnologyCouncil(ASTEC)aimedatdirectingat血osewhowouldutilizetheresultsofthe
survey･ SinceASTEC wasdissolvedin1998,theScience,Engineenngandhnovation
CouncilhasbeenengagedinforesighttopnoritizeteclmologleS.Hestressedtheimportance
ofpoliticalsupportinnational-levelforesight･
(3)Canada(Dr.SadiqHasnain,SeniorAdvisor,NationalResearchCouncil(NRC),Canada)
ThespeakerreportedonthetechnologiCalstrategleSOfthegovemment,thetechnologyroad
mapoftheindustrial sector,andthetechnologyprojectCarriedoutbyNRC. Atthe
govemmentlevel,astudywasconducteduslngama止et-pultypetechnologymadmap･At
theindustrylevel,foresightwasimplementedtohelpestablishadevelopmentstrategy･The
lecturerstressedthenecessltyofdemand-pulanalysisforindustriesand丘rmS.
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(4)Sweden(Dr･EnricoDeiaco,ActingPresident,RoyalSwedishAcademyofEngineering
Sciences,Sweden)
ThelecturerreportedonthetechnologyforesightprojectCurrentlylnProgressuSlngSeveral
methodssuchastheDelphitechniqueandscenarios.Thisprojectcovershealthandmedical
care,biological陀SOurCeS,S∝ialin丘astmctures,productionsystems,telecommunicationssystems,
materialSandrecyclingsystems,theserviceindustryandeducation･
(5)NewZealand(Dr.PaulReynolds,ChiefPolicyAdvisor,MimstryofResearch,Scienceand
TechnologyAgency,NewZealand)
Thereporterspokeabouttheprojectbeingcarriedoutforthe1998-1999term.Basedona
standardizedapproach,foresightwasconductedbyscenarioanalysisandcreated14strateglCgOalS･
Theresultsofanalysiswouldbereflectedin 血egoverTment'Sinvestmentsin reseamhand
development.HeintrducedadatabasecalledHhnovationLink:2010,"whichisaccessibleon
linefortheresultsoftheproJeCt･
(6)TheU･S･(Dr･BruceDon,ScienceandTechnologyPolicyhstitute,fuND,USA)
ThespeakerreportedonthetrendintheU･S･,focuslngOnCriticaltechnologystudiesthathad
beenconductedsinceearlylnthe1990S.Thesestudieswerebasedoninterviewswith
profTessionalS,includingindustryspecialists,reviewsoftechnologyroadmapsofindustriesand
soforth･HeindicatedtheimpoltanCeOfaddresslngtheinnovationsystemasawholerather
than individualtechnologleSandaddedthatteclmologyroadmapsoftheindustryand
govemmentagenciesaregalnlngmoreatention.
(7)Germany(Dr･HariolfGrupp,Deputy-DirectorGeneral,FaunhoferhstituteforSystemsand
hnovationResearch,Germany)
ThelecturerpresentedtheresultsoffわresightuslngDelphiIandI･Hesuggestedthatit
wouldbeessentialinthefuturetodevelopanewpredictionmethodthatintegratestheDelphi
teclmiqueandothermethods･Hecitedthenecessltyofparticipationbyvariousstrataofthe
societyinforesightactivitiesandintroducedFUTUR,apredictionprocessdesignedtopublicly
disclosedetailsofforesightsurveysuslngthehtemet.
(8)Austria(Dr･GeorgAichholser,Deputy-Director,hstituteforTechnologyAssessment,
AustriaAcademyofScience,Austria)
InAustria,foresightstudieswerecariedoutin1996to1998tomeettheneedsofthecountry
uslngdemand10riented,solution-orientedandapplicationl0rientedapproaches. h these
studies,thesocietyandculture,aswelastechnology,wereexaminedbytheDelphiapproach
toidentifysocial,cultural,economicandpoliticaltrendsofthecountry.
(9)Korea(Dr.KichulLim,Director,DivisionofResearchCoordination,Scienceand
TechnologyPolicyhstitute,Korea)
ThespeakerreportedontheresultsofthesecondDelphistudyin15丘elds,whichcovered
1,155issues･hthisstudy,theforesightperiodwasextendedfrom20yearsto25years,with
JustafTewtechnologleSSelectedbyanalysIS.
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(10)China(Dr.ChengJiayu,Superresearcher,NationalResearchCenterforScienceand
TechnologyforDevelopment,MinistryofScienceandTechnology,China)
ThereporterspokeaboutthecritiCaltechnologysurveyin1995andtheteclmologyforesight
studyin 1999onagriculture,informationandadvancedproductiontechnology. h the
technologyforesightstudy,awiderangeofinformationwascolectedviaanetworkof
professionals,ahstofteclmologyissueswasproduced,asurveywasconductedona
questionnaireconcemLngtheimportanceoftheseissues,and丘nal1y,CritiCalt∝hnologleSWere
selected.
(ll)Japan (Mr.TerutakaKuwahara,Director,Fourth Policy-OrientedResearchGroup,
NationalhstituteofScienceandTechnologyPolicy,Japan)
ThelecturerexplaineddiebackgroundtoandtheimportanceofDelphistudies,inadditiontothe
resultsofthefirstand虻COndsurveys･Regardingthemajort∝lmologyfields,hepointedoutthe
closerelahonships旭weenchangesintherelahveimportan ceofteclmologiesexanhedintheDelphi
studiesandchangesingoverm entspendingonresemhanddevelopmentintheseteclmologies.
(Session2)Multi{ountryForesightActivities
APECCenterforTechnologyForesightpresentedtheresultsofpastprojectsandsupport
networkconstructions,aswelasDelphistudiesconductedatan intemationallevel.The
hstituteforProspectiveTechnologicalStudiesreportedonforesightactivitesinEU.The
folowingProvidestheoutlineoftheirreports.
(1)ExperienceofAPECCenterforTechnologyForesight(Prof.GregTegart,ExecutiveAdvisor,
APECCenterforTechnologyForesight)
ThereporteremphasizedthenecessltyforpartlCIPantStOfulyunderstandfbresightandsee
foresightactivitiesnotonlyfromadomesticbutalsofromanAPEC-levelpolntOfview･He
alsoproposed血atEnglishbeusedcommonlytoeradicatemisunderstandings.
(2)ForesightactivitesofrrPS(hstituteforProspectiveTeclmologiCalStudies)inEU(Dr.
GustavoFahrenkmg,HeadofFutureProject,rrPS)
ThereporteroutlinedtheFutureProject,underwhichpolicymakersparticipateindiscussionon
relationshipsamongteclmology,competitivenessandemploymentbasedondynamictrendsin
populationandsociety.
(3)Multi-countryDelphisurveybyAPECCenterforTechnologyForesight(Dr･TaeyoungShin,
Director,hdustrialhnovationStudies,ScienceandTeclmologyPolicyhstitute,Korea)
Thelecturerreportedon"SupplyControlofWater"and"TechnologyforLeamlngand
Culture,"whichareintemationalprojectsconductedbyAPECCenterforTechnologyForesight･
ThesestudiesemployedtheDelphiandscenarioapproaches･
(4)Buildingan APECTeclmologyForesightNetwork(Dr,Lyrete,vice-President,National
ResearchCouncil(NRC),Canada)
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ThereporterspokeabouttheAPECtechnologyfわresightnetworkaimedatexpandingthe
curentnetwork,acceleratlnginfわrmationexchangeandreinforcingforesightsupport.
(Session3)LessonsforForesightNewcomers
hthissession,discussion氏にuSedonSouthAfhca,HungaryandThailand,whichhaverecently
embarkedonfわresightactivities.ProfessionalsoferedadviceandexchangedopmlOnSfor
countriesthatareconsideringlmplementlngteClmologyfToresight.ThefolowhglSanOutlineof
血ediscussions.
(1)Technologyforesightin SouthA点ica(Dr.PhilemonMjwara,Director,Technology
Development,DepartmentofA止S,Culture,ScienceandTechnology,SouthAfrica)
hSouthAfrica,panelsweresetupf♭r12丘eldstoidentifyadvantageousteclmologiesandtheir
strengthSandweaknesses.SomekeytechnologleSWereSelectedafterscenarioanalysis･
(2)Technologyforesightin Hungary(Dr.SandorToth,Director-General,Headofthe
SecretariatforScienceandTechnologyPolicyCouncil,Hungary)
Thereporterexplainedthetechnologyestimationprogram CrEP)cuzTenl1yinprogress.Under
theprogram ,scenarioswereproducedandDelphisurveysconducted.Thepaneliscompiling
areportanalyzingthepresentsituationsandscenarios.
(3)Lessonsleam edinteclmologyfbresightfromdevelopingcountryperspectives(Dr･Malee
Suwana-adth, SpecialConsultant, National Centerfor Genetic Engineenng and
Biotechnology,NationalScienceandTechnologyDevelopmentAgency,Thailand)
ThelecturerreportedonforesightactivitiesofNGOsandtheThaigovemment.Heproposed
thatsocialandenvironmentalaspectsbeincorporatedintofbresightandcitedproblemswith
meetlngtheneedsofresidentsandsecuringthepartlCIPationoflocalprofessionals.
(4)Authority,legitmacyandcredibilityofteclmologyforesightstudies(Dr.ChatriSripaipan,
Co-Director,APECCenterforTechnologyForesight,Thailand)
Intheimplementationofforesightactivities,thepartlCIPationofcompetentprofbssionalSwil
enhancethelegltlmaCyandcredibilityofforesighttomakeitauthoritative.Itisessential,
therefore,tosecurethepartlCIPationofprofessionalsasearlyasintheplaJmlngPrOCeSS･
(Session4)htegrationofsocioeconomicneedsintotechnologyforesighl
Japan andBritainreportedontheireforttointegratesocioeconomicneedsintoforesight.
Participantsdiscussedandexchangedoplnionsonthefuturecourseoftechnologyforesight･
(I)htegrationofsocioeconomicneedsintotechnologyforesight(Prof.IsaoKarube,Director,
Center氏)rColaborativeResearch,UniversityofTokyo,Japan)
Thereporteroutlinedthe"SurveyonNationalNeedsandTechnologyForesight"conductedby
NISTEPusingtheneedapproach,andseveralnewatemptscurentlybeingmade,includingthe
introductionoftheneedapproachintothe7thTechnologyForesightSurvey,whichwascamied
outbasedontheresultsof血esuⅣey.
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(2)Thirdgenerationforesight(Prof.LukeGeorghiou,UmiversityofManchester/Directorof
PolicyResearchinEngineering,ScienceandTechnology,U.K.)
hthe丘rst-generationforesight,professionalsmadepredictionsaboutscienceandtechnology,
accordingtothereporter.hthesecondgeneration,theindustryanduniversitydiscussed
scienceandtechnologylnrelationtothemarket･Heindicatedthatwewouldenterthethird
generation,inwhichawiderangeofinterestedpartiesinthesocietywouldendeavortosolve
problemsbytakingsocialfactorsintoaccount.
htheclosingaddress,Prof.KetudatagreedtotheproposalofNISTEP'sDirectorGeneralJiro
ShibatathatglobalforesightconferencesbeheldperiodicallyandthaHhehtemationalClubof
TechnologyForesight(ICFr)besetuptoexchangeinformation.
(Conclusion)
ThefolowlngcommonPerCePt10nSWereSeenlyingbeneaththesessions･
(I)Developingcountries,aswelasadvancedones,recognizethenecessityandusefulnessof
techlOlogyfわresight.
(2)Thede丘nitionoftechnologyforesightwhichtheOECDde丘nesas"theprocessinvolvedin
systematicallyatemptingtOlookintothelonger-term futureofscienceandteclmology,the
economyandsocietywiththeaimofidentifyingtheareasofstrategicteclmOlogieslikelyto
yieldthegreatesteconomiCandsocialbene丘ts"isalmostthesameforcountriesconcemed,
althoughitvariesslightlyfromcountrytocountry.
(3)Curently,teclmologyforesightisdevelopingdynamically,encouragingmanycountriesto
workoutan optimalcombinationofteclmiques.ItisessentialforcountriescarryingOut
foresightactivitiestoexchangeopln10nSandinformationwithoneanother･Inthissense,
theconferencewasextremelyslgnifCant.
(4)hdevelopingforesightactivities,theOECDinitiative,orthe1994professionalconfTerence,
playedacritical roleinbringinguStOthesecondgenerationofforesight. Today,
technologyforesightisdevelopingbeyondtheOECDareaonaglobalscale･ Many
countriesareintegratlngSOCioeconomicfactorsintoforesighttoutilizeitasan efective
policytool.
6
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Openlmgaddress
WelcomeSpeech
Mr.JiroShibata(DirectorGeneral,NISTEP,
Japan)
Toopentheconference,iwouldliketoglVeabriefspeech.Thankyouverymuchfor
atendingthisconferenceinsplteOfyourbusyschedules.Weareverygratefultoyou,andto
allofourguestspeakers,forcomlngallthewayhere.IwouldalSoliketothanktheAPEC
CenterforTechnology Foresightand TsukubaEXPO '85 Memorial Foundation for
co10rganlZlngtheconference.
Wh endraftingnational scienceandtechnologypoliciesandfわrmulatingbusiness
technologydevelopmentstrategy,itisessentialtograspthelonger-ten developmenttrendsin
scienceandtechnology.Forthisreason,Japan'Sscienceandtechnologyagencyhasconducted
technologyforesightexercisesevery5yearssince1971.Themostrecenttechnologyforesight
study(thesixth)selectedfrom14sectorsand1100technologysubjectsrangingfromelectronics
tomaterials,lifesciencestotheenvironment,andtrafic.Therewereabout4000participants
flDm eaCh丘eldin scienceandteChnologyin Japan.nusitwasaverylarge-scaleand
inclusiveproject.hspiredbyJapan'sactivities,manyforeigncountrieshaveshown an
increaslnginterestinscienceandtechnologyforesight,especiallyinEuropeandAsia,inthe
1990S.
InGermanyin1993,averysimlartechnologyforesightstudywasconducted,subsequent
toJapan'SfiRhscienceandtechnologystudy,SothatinApril1994,itwaspossibletomakean
intemationalcomparisonbetweenJapan andGermanylsstudyresults.Nearly60percentofthe
resultsweresimlar.nediferencewasonlythreeyearSintermsofactualizingtheforesight
period,indicatingahighlevelofintemationalconsistency･CooperationbetweenJapan and
Germanyhascontinuedin thefieldsofmaterialprocesslng,informationelectronics,life
sciencesandtheenvironment,fromtheearlieststagesofaprojectOnwards.Bothcountries
acknowledgethatthisexcelentcooperationwaspromotedbythejolnttechnologyforesight
work.Folowlngamini-Delphiexercise,theScienceandTechnologyAgencyInvitedGerman,
British,French,AmericanandAustralianexpertstoJapanforthe缶rstintemationalconference
ontechnologyfわresightinJune1995.CooperationwithGemanylSCOn血umg,wi也about
30%ofthethemesoftheforesightstudiesincommonwithJapan'sthemes･
WehavespeakersatthisconferencefromBritain,Australia,Sweden,NewZealand,and
Korea.hthesecountriestheyhaveconductedforesightstudies.Wealsohavespeakersfrom
AsiancountriesincludingChina,wherescienceandtechnologyforesighthasbeenconducted･
h 1998,thecoorganizerofthisconference,theAPECCenterforTechnologyForesight,was
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establishedasthe点rstintemationalinstitutionfortechnologyforesight,basedinThailamd･
IwouldnowliketotalkaboutthesituationinJapan.In1996,thecurrentbasicplanfor
scienceandteclmologywasapprovedbytheCabinetbutitiseffectiveonlyuntilthisyear･So
atthemomenttheScienceandltchnologyCouncil,whichisanadvisorybodyofthePrime
Minister,isconductingrevisionsofthisbasicplan,withtheultimateaimofachievingacountry
whichhasaninteligentsenseofexistence,whichcontributestothefutureofhumanbeingsand
whichsecuresasafelifeforitscitizens.Thepnoritisationofscienceandtechnologyisbeing
activelyconsidered.FromJanuary2001,theMinistryofEducationandtheNationalScience
andTechnologyAgencywilbeintegratedalongwiththecurrentScienceandTechnology
Council.neywilberebomastheGeneralScienceandTechnologyCouncil.Thiswildeal
withscienceandtechnologypoliciesmorebroadly,andinthiscontext,wewilbeginaseventh
foresightstudythisyear.
WewildevoteourselvestodevelopmentforthefutureintermSofscienceandtechnology･
hthissituation,weareveryhappythatexpertsinthis丘eldareatendinghere･OurinStituteis
pleasedtoholdasecondtechnologyforesightintemationalconference･Wehopethatthis
conferencewilleadtomoreforesightstudiesandcontributetofurthermethodologiCal
developmentsinforesight.Thankyouverymuch.
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IntroducGonofAPECCenterforTedlnOlogyForesight
I)r.ChatriSripaipan(CoIDirector,APECCenter
forTedhnologyForesight,
KingdomofThailand)
Ohayogozaimasu.¶lat'SallIcansayinJapanese,soI'makaidIwilhavetocontinuein
English!Firstly,IwouldliketoexpressmysincereappreciationtotheNationalhstituteof
ScienceandTechnologyPolicyorNISTEPfororganlZlngthishtemationalConferenceon
TechnologyForesight.
We,theAPECCenterforTechnologyForesight,areveryhonoredtobethecO-organizerof
thisconference,andweverymuchappreciatethesupportthatNISTEPhasprovidedtoenable
suchdistinguishedspeakersfromallovertheworldtocomeheretoday.
IhavebeenaskedtogiveabriefintroductiontotheAPECCenterforTechnologyForesight.
刀leCenterisverynewin thisfield,muchnewertoforesightthanmanyofyou,theaudience,
manyofwhomhavebeenwoI'kinginthis丘eldforalongtime.Welookforwardtoleam lng
aboutyourexperiencesatthisconference.YoumayseeontheslidethatourcurrentHonorary
DirectorisDr.ArthurCarty,whoisthepresidentoftheNationalResearchCouncilofCanada･
Ⅰam theCo-Directorbasedinrhai1and.OurExecutiveAdvisor,Prof.GregTegart,ishere
today.PIpfTegartwasthefirstdirectoroftheCenterandhehasbeeninstrumentalininitiating
many,manyactivities,so也atwecanmaketheprogressthatIamrepor血gtoyoutoday.
TheAPEC CenterforTechnologyForesightclaimstobethe丘rsttocaryout
multi-nationalforesightwork,whichinourcaseencompassestheeconomiesofAPEC.We
haveashorthistory,startlngOnlyinFebruary1998,withthesupportoftheRoyalThai
Govemment.OuroficeinBangkokissortoflikeaworkshopcenterbecauseweonlyhavea
verysmallstafof3-4people.Weundertookaverycomprehensivefeasibilitystudybeforethe
launching,andwehadsupportfromtheAPECCentralFund･Wealsoreceiveconsiderable
support`inkind'ftommanyAPECeconomies;thisconferenceisanexcelentexample･
Ourobjectiveistopromotetheadoptionoftechnologyforesight･Wewouldlikeour
CentertoprovideameansforcomparisonoftechnologyforesightexercisesinAPEC,witha
viewtostimulating'BestPractice'in theconductofforesightstudies.Andweconduct
technologyforesightexercisesonan APEC-widebasis. Afterwehavegainedsuficient
experience,wehopealsotobeabletodevelopaforesightresearchcapability.Ourultimateaim
istoimprovetechnology-relatedplannlnganddevelopmentintheregion.
Tbedefinitionoftechnologyforesightthathasbeenadoptedbyourcenteristhat:
"Foresightinvolvessystematicatemptstolookintothe舟tuT･eOfscience,technobgy,the
economyandsociety,withaviewtoidentlかngemerginggeneT･ictechnobgiesandthe
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undeTPiTmingaT･eaSOfstrategicresearchlikelytoyieuthegreatesteconomic,socialand
environmentalbeneji′'.SoyouseethatitisnotjustaboutteclmOlogybecausetechnologyby
itselfdoesnotwork;itneedstobeintegratedwith otherpartsliketheeconomy,the
environmentandsociety.
Webelievethattechnologyforesightisavaluablestrategicplannlngtoolbecauseit
involvestheconsiderationofarangeofpossiblefuturesinsteadofasingleone.Wetryto
maintainthebalancebetween也eS&Tpushandthemarketpul.Inourconductoftechnology
foresight,Wewouldliketoemphasizetheprocessratherthan theproduct･Webelievethat
foresightencouragesmeaningfulparticipationofstake-holdersindecision-makingprocesses･
TheCenterundertakesarangeofactivites.Weconductresearchstudies,tramlng
workshopsandpublicseminars,provideconsultationandsupporttomembereconomies,and
publishaleOutcomesOfouractivities.WealsohaveawebsitewhichIinviteyoualltoreview;
wecanseeroomforimprovementandhopefuly,wellgetbeterastimegoeson.
Our丘rstresearchstudystartedin1998,ilnmediatelyafterthelaunch,onthetopICOf
"WaterSupplyandManagementin theAPECreg10n".Aprevioussurveyofthemember
economieshadratedthisasaveryimportanttopic.Thisprojectwascompletedwithinoneyear,
andyoucanseesomeofthepublicationsbere.
h1999,Welaunchedanotherprojectcalled"TechnologyforLeamingandCultureM･This
isalsocompleteandtheresultingpublicationisavailablehere.Simultaneouslywelaunched
anotherprojectonMegacities,whichcontinuesinto2000.Thisonehastwosubprojects,oneon
"SustainableTransportforAPECMegacitiesMwhichwehaveJuSt丘nished,andasecondoneon
"HealthyFuturesforAPECMegacities"Weareinthemiddleof.Wewilbeholdingan
APECIWideExpertsMeetingattheendofMay,usingSCenarioIPlannngtechniques,andplanto
completetheprojectbytheendofthisyear.
RegardingtrainlngWOrkshops,atthetimeofthelaunchofourCenter,weconducteda
trainlngWOrkshopon"UsingTechnologyForesight"with30participantsfrom6APECmember
economies.WehavealsodoneascenarioIPlannlngtrainlngWOrkshopforMahidoIUniverslty
FacultyofPublicHealthonthethemeof o`besity',andarrangedtwoone-daytrainlng
workshopsonforesightinBangkokinDecember1999.Thisyear,wehavebeeninvitedtorun
trainlngWOrkshopsinMalayslainMarchandinMexicoinJuly.
Welookforopportunitiestoconductpublicseminars, to letthepublicknow about
technologyforesight.UnfortunatelywehaveonlyfoundtheseopportunitiesinBangkoksofar,
butthesehavebeensuccessfulandareatractlnglnCreaSlngInterest.Thefirsteventwasonour
launchingoccasiononthe3rdofFebruary1998.Laterthatyear,Wearrangedan Executive
Seminarontheissueofthe"DigtalEconomy"whichincluded a video-conferencewithan
expertfromtheU･S.A.Weheldap u b l i c s e m inaronHTechnology forLeamingandCulture"in
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November1998,andinJune1999wehadProf.BenMartinh)mtheSciencePolicyResearch
Unit(SPRU)in theUKtotalkaboutuThelpleofforesightin w`irngup'thenational
innovationsystem".Finaly,webadameetmgonHSciencePolicyandhnovationMontile2md
ofDecemberlastyear･Nextweek,Dr.PaulReynolds,wiltalkon"Foresightandhnovationin
NewZealandMinBangkok.
neAPECCenterforTechnologyForesightofersconsultationtoAPECeconomies,to
helpandencouragethemtoundertakeforesightactivitesoftheirown.Wewereabletoassist
withatechnologyforesightexerciseforThailand,theCenter'shosteconomy,onagncultural
development.AndweareJuStStartingtolookintothevisionandstrategyfor2020forThailand,
in aprojectaboutscienceandtechnologyfordevelopment.TheworkshopImentionedin
MalaysiaisattherequestoftheConstructionDevelopmentBoardofMalaysla,andwearealso
golngtOMexicoinJuly,toruntrainlngProgramsanddiscusstheirplansforanationalforesight
prOgram･
Ourwebsiteprovidesinfomationabout血eCenteranditsactivities.Researchp叩erSand
reportscanbedownloaded.Over40,000visitorshaveconsultedoursitesinceitslaunch
towardstheendof1997.Discussionfacilitiesareavailableonthesitebuthavenotbeenwel
used,andsoweareplannlngtOdevelopanewAPECTOchnologyForesightNetwork,withthe
experthelpoftheNationalResearchCouncilofCanada.AspeakerfromCanadawiltalkmore
aboutthislater.
Thisistheendofmytalk.Thankyouverymuch.
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SessionKcunmtFwesightActivities
intheworld"
UKFORESIGHTPROGRAMME･APANELCHAIRMANfSⅥEW
ProfessorJVWood,FREng
DeanofEngineering,UmiversityofNotingham
andChairman,UKOfrICeOfScience&TechnologylsMaterialsForesightPanel
Introduction
TheUK-sForesightprogram ewashitiatedin1993whenthethenMinisterofScience,Mr
Wiliam Waldegrave,PublishedaWh itePaperentitled"RealisingourPotential"(1)･The
mainthrustofthisWh itePaperwastoseehowtheUKcouldobtainmorefrom its
investmentinbasicscienceandtechnologyforthegreatergoodofthepopulation.Extensive
analysishadbeenundertakenoftheJapaneseForesightprogrammeandtherecoH皿endation
tosetupasimlarForesightexerciseintheUKwasoneofthemainoutcomesfromthe
WhitePaper.
Consequently,in1994the丘rstUKForesightprograJm eWaSannOunCedwiththeavowed
purposeofincreasmgthewealthcreationoftheUKandsecondlytoimprovethequa山yof
lifeofUKcitizens.Amoresuccinctwayofexpresslngtheformerobjectiveisto"improve
competitiveperformancebybringlnglnVentionandinnovationclosertogether.I.hitiallythis
wasseenbythegeneralscienti丘ccommunltyandindustryasagovemmentdriveninitiative
whichwouldhavefTarreachingeffectsonresearchfundingandothergovemmentactions･
Theprogrammewastorunfor丘veyearsfrom1994-1999andcoretotheactivltyWasthe
formationof16ForesightTechnologyPanelscoverlngthemaJOnty ofscienti丘Cand
technologicalactivltyWithintheUKIThesearelistedinTablel･
Table1FirstRoundForesightPanel1994-99
1 Agricultural,HorticulturalandForestry
2 Chemicals
3 Constmction
4 DefenceandAerospace
5 Energy
6 FinancialServices
7 FoodandDrink
8 HealthandLifeSciences
9 rr,ElectronicsandCoH皿unications
10 LeisureLeamlng
ll Manufactunng,ProductionandBusinessProcesses
12 Marine
13 Matedals
14 NaturalResourcesandEnvironment
15 RetailandDistribution
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ThepanelsfわlowedverymuchtheJapanesemodeluslngaDelphiquestionnairethatwentto
10,000respondents.SixteenindividualSectorreportswerepublishedplusan overarChing
study.OtherorganisatiOnssuchasprofessionalinstitutions,charities,etcwereencouraged
toundertaketheirovm indepthexercisesbasedonsomeoftherecommendationsofthe
panels.Eachpanelwasallowedtoformulatetheirrecommendationsintheirown way･For
exampletheMaterialsPanel(2)made7keyrecommendationswhereitwasfeltthat
increasedresourcesshouldbefocusedandtheyalsosuggestedthosetopicsWherethere
shouldnotbeanyIncreaseinresourceunlessmajorbreakthroughsweremade･hthislater
categoryltrecommendedtheareaofmonolithicstructuralceramics.
Thereportswereconsideredtobethe丘rstphaseoftheForesightexercisewhichwas
folowedbyadisseminationphase･Thefindingsofthepanelsweretakentovariousregional
meetlngSandsharedwithlocalcommunities.Theatendanceatthesewashighlyvariable
andformanyresearchscientistsandenglneerStheactual丘ndingsofthepanelswasseenas
idiosyncraticandsomewhatbland.h somesensesthiswasareliefsincethepotential
impactonthefundingmechanismsandfutureresearchactivltyWasnotSeentObesignifCant･
Moreimportantly,certainsectorsfeltleftoutoftheconsultationprocessandinthematerials
communltymagnets,Su血ceenglneenngandtextileswereamongthosethatvoicedtheir
concemoverthis.
hthemiddleofthisexercisetherewasaGeneralElectioninwhichtherewasachangeof
govemmentfromaConservativetoaLabouradministration.Howeverthecomi tmentof
thenewadministrationwascon丘rmedwhenon17April1997thePrimeMinister,theRight
HonourableTonyBlairsaid:
"WeconsiderForesighttobealongoverdueateqttoaddresstheUKIsfailureto
tumexcelenceinbasicresearchintoindustrialsuccess.Wewanttomakesurethat
itsmomentumisnotlost".
ThiswasbackedupinpracticebytherelevantministersintheDepartmentofTrade(DTI)
andhdustry.Thustherewasaseamlesstransitionasgovem entchanged.
EngagingtheCommumity
Phase3ofthefirstroundoftheForesightactivltywasentitledEngagingtheCommunity.
HerethefわcuswasonencouraglngaSmanyPeopleintherelevantcommunitiestobecome
deeplyinvolvedinForesightfわrtheirown sakeandtostarttakinglntOaCCOuntandownlng
thechangesthatmayresult.Foremostinourthinkingwasan atempttoengagebusiness
leaders,丘nanciers,marketanalysts,etcsothatlargecorporationswouldtakeonboard
Foresightmessagesandactivityfortheirfutureprospenty.Itwasdecidedbythegovem ent
thatTradeAssociationswithintheUKwouldbethemostappropnatevehicletocascadethe
Foresightmessagestoindustryespecialysmalandmediumsizedenterpnses･Tothisend,
theMaterialsPanelheldapublicmeetlnginLondonatthebeginningOf1998towhich50
tradeassociationswereinvitedand25atended.Presentationsweremadefromorganisations
thathadundertakentheirownsuccessfulForesightexercisesandtherewasaroundtable
discussionwiththerelevantcivilservantsfromtheDTIwiththeresultthatanumberoftrade
associationsagreedtotakeForesightfわrwardwiththeirmembersDespiteCOntinualcoaxlng
andencouragement,todateonlythreehaveundertakensuchan exerciseonbehalfoftheir
members･Howeveralthreehavebeenverywelreceivedwiththemajoroutcomebeing
increasedcommunicationbetweencompetitorsandthoseintheusercommunities.
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OnekeyactiontookplaceatthebegimlngOftheEngagmgtheCommunltyexercisewhich
wastodropthewordTechnology-fromtheprogram e･SotheUKprograrmeisnow
caledForesightandnot"TechnologyForesight."Thereasonforthiswastodemonstrate
thatForesightisaboutaprocessthatafTectsthewholecommunltyandisnotJustCOnCemed
withTechnology･Althoughawordhasbeenremovedithasledtoachangeofemphasis･The
aimswererede丘nedasHthebringlngtogetherofbusiness,thesciencebase,thevoluntary
sectorandgovemmenttocreateacultureofforwardthinkingandseektoinform decision
makers."htheUKForesightisnotseenasamethodforpredictingthefuture,ameansof
telingresearcherswhattodoorJuStfわrgovemmentandsimilaragencies.Ratheritisabout
embeddingacultureofforwardthinkingandengagingthewholepopulationinthisexercise･
DuringPhase3severalotherinitiativeswereundertakenbytheMaterialsPanel･Oneofthe
bestexalnpleswastoproduceabookletofexamplesofForesightbestpractice(3).entitled
HMaterialsAdvantage･Hsecondly,amajorinitiativewasundertakentoproduceabookletfor
mainboarddirectorsoflargecompaniesconcemlngtheimpactthatnewmaterialswilhave
onvariousareasofsociety.Thethrustwastoproduceaglossybookletwithexcelentart
workwithsimplemessagesthatlookedatwhatmaterialswerelikeinthepast,whattheyare
liketodayandwhattheymaybelikeinthefuture.ItwasentitleTomorrow'SMaterials(4)･
Theexampleschosenincludedautomobiletransport,thehome,communications,health,etc･
Thisbookletcaughttheatentionoforganisationsinvolvedinprovidingeducationalmaterial
forsecondaryschoolsandsubsequentlyarevisedan updatedversionofTomorrow's
MaterialswasproducedfわrschoolchildrenandlaunchedinFebrualy1999bytheMinister
ofScience,LordSainsburyofTurvile.Inadditiontotheglossytext,aschoolworkbook
withexperiments,questions,etcbasedontheForesightmethodologywassenttoevery
secondaryschoolinEnglandandWalesandtodate85,000copiesOfthishavebeen
circulated.Afurtherknock-oneffectfromthisbookletforschoolswastheinvitationtoput
onamajorexhibitatalargeeventinLondon(TomorowysWorldLive)bytheBBCand
atractedover100,000schoolchildreninJuly1999.TheUniversltyOfNotinghamand
AEATechnologywereinvitedtoputtogetherstandswithexamplesoftheimpactof
tomorow'smaterialsonvariousaspectsoflifTe. Supportwasforthcomlngfrom the
EngineenngandPhysicalSciencesResearchCouncilandthehstituteofMaterialswhowere
abletorecruitalargenumberofschoolsintotheirSchoolsAfBliateProgram easaresultof
this.Todate200schoolshavenowslgneduptothis.
Othereventsincludeddinnerswithnon-executivemainboardmembersoflargecompanies
inordertogalntheirhelpinfbrwardingForesightobjectivesinsuchorganisations･
Considerableefortwasexpendedonbringlngtogethernotonlythetradeassociationgroups,
butalsoothersectorgroups(forexamplein textilesandpackaging)inordertoobtain
ownershipofForesightbythesecommunities.Itbecameincreaslnglyclearasaresultofal
thisactlVltythattheForesightprogrammeintheUKwasunderresourcedandthatEngaglng
theConmlunltywasalongandarduousjobwhichcouldn'tbentednaturalyintoafiveyear
timecycle.Forthisreason,agroundswelofsupportcamefrom manysectorsthatthe
MaterialsPanelshouldberetainedforafudherterm.
LessonsfromtheFirstRound
Aconsultationexerciseandsurveyweretakenattheendofthe丘rstroundofForesight･h
summarytheseshowedthat(a)theprocessisatleastasimportantastheoutputs,O))
networksarekeytothesuccessofForesight,especialythosewhichcutacrosstraditional
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boundariesand,(C)outputsfromForesightshouldbeshorter,sharper,targetedandemerge
fasterfordebatewithinthecommunlty･
FromaMaterialsPanelperspectivetheFeareSOmemoreSPeCi丘Coutcomes丘omthe丘rst
round.
(a) ThattheMaterialscommunltylSnOtanidentinablesectorandhastwodistinctarms,
namelythesupplierandusercommunitieswhichhavedifferentobjectivesand
methodsofworking.
O)) Tradeassociationsareinwardlookingratherthan futurefocusedandarenot
necessarilythebestmethodforengaglngtheindustrialCommunlty.
(C) Foresightisnotaquickfixandwiltakemanyyearstoembedintothethinkingofthe
population.
(d) ForesightismoreaboutencouragingPeopletobecomeinvolvedthanmakingfairly
obviousrecommendationsatahighlevel.Aisaboutownershipintheirfuture.
TheSecondRoundofForesight199912004
Afterreviewlngtheoutcomesfrom thefirstroundtheGovemmentdecidedthatitwas
suficientlyencouragedtoproceedtoasecondround.Wh ilethe丘rstroundhadbeenhighly
concentratedupontheDepaztmenlofTradeandhduslzy,Othermhistrieswerebroughtinto
thes∝ondround,suchastheHomeOmce,DepartmentforEducationandEmploym ent,
DepartmentofHealth andsubsequentlymanyothers.Thishasbeenoneofthegreat
encouragementstoForesightinthatitisnowcutingaCrOSSthewholeofsociety.
h additiontotheinitialForesightobjectivesofobtainlngCOmPetitiveadvantageand
enhanclngthequalityoflife,athirdobjectiveisthatofSustainableDevelopment.The
programmeclearlybuildsonlessonsfromthe丘rstround,butisfocusedmuchmoreon
expandingparticIPationandcrosssectoralinteraction.As suchitislabeleda.Thinkand
DoTank".Theemphasisonthedoinghasbecomeallimportantandal1embraclngandis
beginnlngtOembedtheForesightcultureatmanylevels.Apartfromundertakingnormal
SWOTandSTEEPCanalysesonsectors,itismoI℃aboutmatchingthevisionsofpossible
futurestoUKcircumstances,strengthsandpotentialcapabilities･Thehorizonisstilthelong
tomediumterm,yetrecognlSlngthatcertainpanelssuchasRetail,Finance,etc,haveto
workonmuchshortertimescalesthan themoretraditionalsectors.However,inthemain
mostarelookingbetween5-15yearsahead.
ThenewroundofForesightwasstartedinApril1999withlheaimthatrepoltSWilbe
publishedbythevariouspanelsinNovember2000.Thegeneralapproachforthecurrent
roundisthat:
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(a) Sectorpanelsremainattheheartbutwithanumbercrosscutlngthematicpanelsare
instituted.
O)) ThatthereisabroaderbasisofpartlCIPationespeciallyamongstyoungpeople.
(C) Foresightisnoりustagovemmentactivtybutwilengagemanymoreintermediary
organisations.
(d) Foresightshouldbean ongolngdialoguebetweenthecommunltyandthevarious
paneisandactivitesratherthanafaitaccoITPlibeingpresentedinareport.
(e) Panelreportsshouldrelatetoeachothersothatcoherentmessagesandactionsare
identi丘ed.
(O ThatthereshouldbemoreemphasisonglobalissuesrecognlSlngtheimpactof
technologleSOntheenvironment,peopleandmanyotheraspectsofglobaltrading.
@) AlForesightactivitiesshouldbuildinimplementation,dissemination,etc.
Thereforetheemphasisofthecurrentroundisverymuchuponacontinuousactivltyrather
than stop-gowhichinvolvesasmanypeopleinthecom unltyandgeneralpopulationas
possible.
A洗erextensiveconsultationthenumberofsectoralpanelswasreducedto10.Theseare
listedinTable2.
Table2
CurrentSectoralPanelsintheSecondRoundofForesight
1 BuiltEnvironmentandTransport
2 Chemicals
3 Defence,AerospaceandSystems
4 EnergyandNaturalEnvironment
5 FinancialServices
6 ChainandCrops氏)rhdustry
7 Healthcare
8 hfbmation,CommunicationsandMedia
9 Materials
hadditiontherewerethreethematicpanelswhichhadashorterlifetime,namely:
(a) AgeingPopulation
O)) CrimeControl
(C) Manufactunng2020
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MostofsectoralpanelsnominatedpartlCIPantSforthesethematicpanelstoensuregood
feedbackandinteraction.UnderlyingthewholeactivltyWeretwoOtherissueswhichall
panelswereaskedtoconsider,namely:
(a) Education,schoolsandtmining
O)) Sustainabledevelopment
ThepanelswereconstitutedasmuchsmallerentitieswithfewerpartlCIPantS,butwiththe
ideaofsetingupanumberofsmalltaskforcesandassociateprogram es.hthecaseofthe
MaterialsPaneltherearenow8members(asopposedto18inthefirstround)whowere
chosennotbecauseoftheirareasofexpertisebutbecausetheyhaveawideviewofthesector
andalsohavetheenergyanddrivetoensureactionsareimplemented･Clearlyltis
impossibleforthepaneltorepresentthewholesectorandinterestgroupsareencouragedto
setuptheirowntaskfわrcestoreportbacktothepanel.AtthecurenttimetheMaterials
Panelhas,forexample,setup24taskforceswitheachpanelmemberbeingresponsiblefor
overseelnganumberofthese.Eachpanelhasnowproducedanactionplanwithde丘nable
deliverableswhereverposiiblealthoughithastobeacceptedthatForesightbyitsgeneral
natureisdifBculttode丘neintheseterms.
AssociateprogrammesarethosethatarerunbyorganisationsoutsidetheOfnceofScience
andTechnologywhichareontopicsOfinteresttotheirmembershipbutarerun
independentlyftomthemaingovemmentalForesightprogramme.Forexample,onthethe
themeofAgeingPopulationthehstituteofPhysicshavetakenthisforwardlookingatissues
ofcommunication,sensors,transport,etc.TheRoyalSocietyofChemistryareinvolvedin
developingrealtimeanalyticaltechniquesforonsiteinvestigationofcrimes.Curentlythere
are25suchprogrammesinplaceandmorebeingdevelopedastimegoesby.
ExperlenCeOftheMaterialsPanel
As statedabove,thenumberofpanelmembershasbeenslgni丘Cantlyreducedandtherange
ofactivltyincreased.Byadoptlnga"botomUPHratherthana"topdoⅥlHapproachrequlreS
considerablesupportfortaskforcesfrom panelmembers.However,hopefulythisisa
transitonstageandthefoundationsarebeinglaidfわrthefuture.Oneaspectthathas
emergedisthatof"branding"whichislinkedtothequalityandcredibilityofoutputs.Wh ile
itisthedesirethatasmanyaspossibleareinvolved,itisneverthelessthecasethatanything
withtheForesightlabelmustbeofhighquality.Thusastage-gatlngdocumenthasbeen
producedtoensurethatalreportsfromtaskforces,associateprogrammes,etcmeetan
adequatestandardofoutput･Ifthisisachievedthentherecommendationsfromthesereports
canbewidelydisseminated.
Thepanelitselfhasfocusedonemerglngandcrossdisciplinaryareaswhicharenotcovered
byexistlngOrganisations･ Forexampleinmaterials, theseincludenanotechnology,
packaging,technicaltextiles,etc.Themainmaterialssectorshavebeenhandedovertothe
variousprofessionalinstitutionstotakeforward･ForexamplethehstituteofMaterialsis
uslngalitsmaindivisions,includingcomposites,ceramics,steel,lightaloys,etc,todothis･
AfurtheraspectofthepanelTsworkistolookatsuccessfulstartupandspinoutcompanies
andseeifthereareanycommonlessonsthatcanbeleamtfromtheseinthematerialS丘eld.
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Itisexpectedthatareportonthesewilbepublishedtowardstheendoftheyear2000･The
paneliscontinuouslysetlnguPtaSkforcesandsomeofthesearelistedinTable3.
Table3SomeoftheMaterialsPanelTaskForcesasofMay2000
1 BiomaterialS
2 Packaging
3 TraditonalCeramics
4 AdvancedCeramics
5 Joining
6 Nanotechnology
7 PredictiveModeling
Oneofthe丘rstmajorOutPutSfrom thetaskfoFceshasbeenareportonthepotential
applicationsofnanotechnology(5)whichwaslaunchedatMaterialsCongress2000inApril
2000.Theschoolsprogrammeisalsocontinulngand50schoolsarebeingcontinuously
monitoredbythepanelwithaviewtoproducingamoreinteractiveversionofTTomorrow's
Materialswiththenecessaryhyperlinks,etc.
AseriesofdinnershavealsobeenfTormulatedwithmainboarddirectorsoflargecompanies
toobtaintheiradviceandalsotoseehowsupplychainscan beusedmoreeffectivelyfor
Foresight.Themajormessagecomlngfromaloftheseistheneedforhighqualitypeopleto
drivebusinessforwardwith thenecessaryenglneenngSkilscoupledwithbusinessand
innovationtalent.AtopicOfdebatewithinthecurrentroundofForesightis"whatwil
educationanditsproviderslooklikeinthefuture?"AForesightbookentitled"Universities
oftheFuture"hasbeenpublishedwhichhascausedintenseongoingdebate(6).Amongthe
issuestobeconsideredaretheimpactofglobalisationofknowledge,amovetowardsskils
baseleanngatuniversitesratherthan knowledgetransferorganisations,howcontinuous
traininglStObedeliveredanddevelopmentofdegreesoferedbyglobalorganisationsuslng
networksofuniversitiesaroundthewo血d.
YoungForesight
AspecificactivitydrivenbytheOfficeofScienceandTechnologyhasbeenformationofthe
YoungForesightprogram ewhichisdesignedtoengageanumberofschoolsinvolving
Foresightpnncipleswithinbothteachingandadvising.Aseriesofthreepilottelevision
programmeshavealreadybeenproducedlookingatinventionandinnovationandthe
DepartmentofEducationandEmploym entarenowheavilyinvolvedinupscalingthis
activity.OthertralnlngOrganisationssuchasthelocalSkilsandLeam lngCouncilsarealso
becomlngdrawnintotheForesightexercise.ThisisafurtherslgnOfhowForesightcultureis
becomlngInvolvedintheknowledgesupplychain.
TheKnowledgePool
Avastamountofinfbmationisavailableglobalyandisbeinggeneratedbypanelsandtask
forces,etc･Itwasnecessarytofindameanswherebythegeneralpubliccouldinteractwith
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theForesightexercisemoremeaningfuly.EspeciallyitisdesiredthatallpartlCIPantShave
theopportunltytOaCCeSSthesameknowledgebase･TothisendaKnowledgePoolwas
createdinordertosupporttheForesightexercisesbyprovidingrelevantinputinformation,
helpingtoidentifypeopleandassistinginbothdisseminationanddebate.TheKnowledge
Poolisasearchablegatewaytoaprofessionallymanagedelectroniclibraryofgovemment,
academiCandothersitesincludingstrategicVisions,informationandviewsaboutthefuture.
ItisalsoafhcilityforbringlngPeopletogetherwithcomplementaryandconflictingvisions
ofthefutureandofcreatingnewexpandednetworks.Further,itisamechanismforpnvate
discussionandlocalconsultation.ItisaveryambitiousprojectWhichisstildevelopingas
newideasandfunctionsarerequiredbyparticipants.
Thebene丘tsoftheKnowledgePoolwintakesometimetocometof山itionbutitisatmly
intemationalactivltyWhichsupportsthegovem entfsstrategyofbuildingaknowledge
driveneconomy･kwidenspartlClpationandconsultationandcreatescreativepadnerships･
Itisalsoaonestopshopforaccesslnginformation.Thereisalsoahuman interfacetothe
KnowledgePoolwhichistheservicedeskwhichnotonlyallowsinterfacewiththepublic,
butsupportsmultiplechannelsofinputanddeliversprofessionalinformationmanagement
services.OneoftheseInputsinmaterialsisthatoftheMaterialshformationServicewhich
hasbeendevelopedandrunbythehstituteofMaterialsbutfundedbytheDepartmentof
Tradeandhdustry･Thisallowsaonestopshopfbranycompany,researcher,etctoaskf♭r
informationorbeputincontactwiththerelevantpartiesanddocuments.
TheKnowledgePoolisan extremelyambitiousventurewhichwildevelopwithtime･Its
potentialisamazlngbutthepanelsstilneedtoholdfacetofacemeetingstOCOnSultthe
coⅡmlunlty.TheMaterialsPanelhasalreadyheldoneoftheseinthisroundandthesecond
isplanned.Thepun)oseofthesemeetingsistoputforwardtheemerglngideasandobtain
feedbackfromthecommunltyastotheirvalidityandhowtheycanbestbetakenforward･h
additiontospecincallysectoral views,theoutputsfrom thethematicpanelsarealso
consideredatthesemeetlngS.
ThematicPanelsandConsultation
Thethreecurentthematicpanelshaveashortertimeperiodforreportlngandconsultation･
Thereasonforthisistoallowthesectorpanelstorespondtothecross-cutlnglSSueSraised
intheirownreportsandactivities.Allpanelshaveembeddedconsultationwiththe
communltyintheirplanSandtheconsultationdocumentsforthethreethematicpanelshave
justbeenissued(7).Eachpanelhastakenadifferentviewonthenatureandstyleofthe
consultationexercise.TheCrimePreventionpanelhasenlargedcertainscenarioswhich
initiallyprovideamuslngreadinguntilitisclearthatsomeofthepredictionsmaybecome
realityinthenearfuture.
Conclusions
ItisoftenaskedifForesightisausefulexerciseorawasteoftime.Itisclearthatmany
lessonshavebeenleantfromothercountries,especialyJapanandGermany,butintheUK
Foresightisnowaverydiferentanimalfromwhenitwas丘rststartedin1994.Wh ilesome
centralorganisationandactlVltylSeSSentialtomaintainmomentum,thekeyfeatureofthe
curentroundofForesightistoengagethecommunltyasmuchaspossibleinundertaking
theirownForesightactivitiesand,moreimportantly,toobtainbenefitfromthem.Evidence
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斤omthiscan beseeninthelargenumberoftaskforcesthathavebeensetup.Young
Foresight,SchoolsProgram esandthewaytheresearchcouncilsthatfundfundamental
researchinuniversitiesandotherinstitutionsarerespondingtoForesightdemonstratesthat
thismodeofthinkingisbeginnlngtOhavean efect.Forexample,theEngineenngand
PhysicalSciencesResearchCouncilclaimthatover85%oftheirprojectsnowfallinline
withForesightactivities.hdeed,Foresight,ratherthanrestrictlngResearchCouncilshas
encouragedthemtobackhighrisk,innovativeideas.
hordertoencouragefurtherdevelopmentofthesciencebase,anumberofForesight
researchrelatedawardssuchas,ForesightLINKandForesightChallengeareavailablefor
crosscutlngandvisionarymulti-clientresearchprojects.
Atemptsareinprogresstoquantifytheoutcomesfrom Foresightandthisisproving
extremelydifnculttodo.htheendthemeasurementofsuccesswildependentirelyon
whethertheUKhasahealtheconomyandhighqualityoflifein10years'timecompared
withwhatithastoday.Themethodscommonlyusedtomeasureoutputsareinappropnatein
thiscase･andtheevidenceofsuccessisprobablydefinedbythenumberofpeoplewhoare
involvedandthelevelofpartlCIPationthatisinvoked.
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ABSTRACT
Australiahasalonghistoryofatemptstoimproveapproachestodirection-setlngand
pnonty-setingOfresearchandtechnology.Thepaperdescribesthelatestnational
Foresight study carried out by the Australian Science and Technology
Council(ASTEC)in1994/95lookingtothe21stcentury.AtthattimeASTECreported
tothePrimeMinisterandCabinet.
Thestudyuseddemand-basedapproachwith an extensiveprocessofscenario
building, consultation on prefbred futures,identi丘cation of new business
opportunities,andanumberofpartnershipswithspecialinterestgroupslookingat
丘vesectors.KeyForcesafectingthefutureofAustraliawereidenti丘edandusedto
de丘neasetofpolicyactionswhilepotentialexportopportunitieswereexamined.
Wh iletheForesightstudywasstronglysupportedbytheacademic,businessand
broadercommunity,itdidnotgampoliticalsupportduetoachangeofgovemment･
1.INTRODUCTION
Therehavebeenmanyatemptsin AustraliatodevelopImprovedapproachesto
directionandpriority-setingforresearch(seeMartinandhvine1989andTegart
1997).ThetwogroupsactiveinrecenttimeshavebeentheCommonwealthScienti丘C
andhdustrialResearchOrganisation(CSⅡと0)andtheAustralian Scienceand
TechnologyCouncil(ASTEC).
CSIROdevelopedanationalresearchpnontyidentificationmechanismwhichithas
usedsince1988withcontinuedmodification.Theessentialelementistheassessment
ofarangeof16socio-economicresearchcategoriesagainstfわurcriteria:
.potentialeconomic,environmentalandsocialbene丘ts;
.Australia'sabilitytocapturethebenefits;
.R&Dpotential;
.Australia'sR&DcapacltytOrealisethatpotential.
OnthebasisofasconngagalnStthesecriteria,eachresearchcategorywasasslgned
an atractivenessandfTeasibility measure,with ageneralpreferentialresourclng
flowingtOthosecategorieswhichscoredhighlyonbothmeasures.Theacceptanceof
changeofemphasisasaresultoftheprocesshasbeengreatlyimprovedastheresult
ofconsultationandpadicIPationthroughoutCSⅡと0.
Themechanismhasbeenadaptedandusedbyotherorganisationstoidentifyresearch
needsinspecificareassuchasengineeringandnuclearR&DCregart1997).
ASTECwasactiveovertheperiod1981until1995withaseriesofmajorStudieson
directionsetlng,PnOritiesforR&Dandmajornationalresearchfacilities.Thelast
exercisewasacomprehensivenationalForesightexerciseovertheperiod1994-1995
takingabroadviewoftheroleofS&TinthedevelopmentofAustraliainthe2lst
Century･
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2.THEASTEC STUDY:MATCHmGSCIENCEAND TECHNOLOGYTO
FUTURENEEDS2010(Pitman1996,ASTEC1997)
ThiscomplexstudyaimedtopFOVidean informationbasetoassistgovernmentand
industrytomakebeter-informedlonger-term decisionsonthedevelopmentand
applicationofscienceandtechnology(S良T).Itexaminedpossiblenationaland
globalchangesto2010andAustralia'skeyfutureneedsandopportunitiesthatrelyon,
orcouldbeslgnificantlyafectedby,scientificdevelopmentsandapplicationsof
technology.
UsingthetypologyofMartinandhvine1989theASTECstudycanbeclassedasa
long-term,holistic,national-levelexercisewithemphasisondemand-pul,stresslng
thefunctionsofdirection-setlng,antlCIPatOrylnteligenceandcommumicationand
education.lmplementationwasdirectedpnmarilytowardsAustralian Govemment
departmentsandagenciesalthoughindustrywasencouragedthroughoutthestudyto
progresstheidentifiedopportunitiesfわrnewbusiness.Theapproachwasbuiltonthe
viewthatdevelopmentofpicturesofaltemativefuturesenabletheassessmentofhow
welthecurrentS&TsystemispositionlngItselftomeetfutureneedsinavarietyof
extemal circumstances.From theassessment,Critical leversfわrchangecan be
identinedandareasforchangeidenti丘ed.
2.1Me仙odology
Tode丘nethecontextofforS&Tin 2010ASTEC usedtheresultsofmany
intemationalstudies,includingteclmologyforecasts,todevelopaviewofAustralia's
S&Tcontextandfutureglobally-availabletechnologyto2010.Contactwasmade
withcountriesactiveinForesightandasurveyofoutputswascomi ssioned.
TocarryoutthenationalstudyASTECusedan interactiveprocessofidentifying,
testmgandretestlngideasthroughextensiveconsultationswith expertsinS&T
andstakeholders,ofteninpartnershipwithotherorganisations.AfTeatureofthestudy
wasitsinvolvementofmanythousandsofpeoplewithabroadbaseofinfomation
andopinionsISpecialfTeaturesoftheASTECapproach,developedto丘ttheAustralian
COnteXt,WeI℃:
.acatalyticmlebyASTECwithemphasisonprocess,consultationand
involvement;
.amuユti-streamapproach,withselectivestudies,complementedbyawide
oveⅣiewandtheuseofmultiplemethodologleS;
.ademandratherthansupply-drivenapproach,withemphasisonneedsfor
S&TinachievlngPreferedfutures.
lmportantelementsofthestudywere:
Reference Group-ASTEC established aReference Group of30 wel-known
Australiansasthepnmaryadvisorybodyforthestudytoensurethattheviewsofkey
groupsfromindustry,academiaandthecommunltyWereconsidered.ASTECalso
workedcloselywiththePrimeMinister'sScienceandEngineerlngCouncil,involving
Ministers,andtheCoordinationCommiteeonScienceandTechnology,involving
keyofncialS,toensurelinkstogovemment.
Partnership-ASTECconductedin-depth,specificsectorforesightingstudiesjointly
withothergroupsandorganisations.Thesewereindividualydesignedtoidentify
S&T opportunitiesandrequirements tO2010intheselectedsectorsandt0
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demonstratethatforesightinglSusefultoawiderangeofgroupsintheirlong-ten
plannlng.FivePartnershipswereestablishedas:
･Ud)anwaterlifTecycles-sustainableurbanwatermanagement;
.hformationandcommunicationstechnology-interactivebroadbandnetwork
.Health-neurodegenerativediseasesinolderpeople',
.Youth-youngpeople'sexpectationsofthefuture;
.Shipplng-Shipbuilding,repalrandsupportindustry･
ThesePartnershipsproducedarangeofinsightfulreportsaSmPutStOthestudy.
Overview-Thisprocesstookabroadapproachtobothsupplyanddemandissuesto
2010andsoughtinputs丘･om S良Tusers,providersandpolicyadvisers丘･om the
publicandprivatesectors.Itwasfocussedthroughtheidenti丘cationoftheissuesfor
Australia.Roumdtablesinvolving20to50peopleinstructuredgroupsuslngscenario
teclmiquesdiscussedthefTolowlngSixKeyIssuesforAustraliato2010identifiedby
theReferenceGroup:
.theneedfわrinnovationandentrepreneurship;
.theneedforatechnologicallyliteratesociety;
.theneedtocaptureopportunitiesfromglobalisation',
.theneedtosustainournaturalenvironment;
.theneedf♭rcontinuousimprovementsincommunltyWelLbeing;
.theneedtobuildaforward-lookingS&Tsystem.
An exampleoftherefinementofissuesprovidedbytheRoundtablesisthatf♭rthe
丘rstKeyIssueofinnovationandentrepreneurshipas:
.shapingAustralia'slong-term opportunities;
.managmgriskanduncertaintytogrownewbusiness;
.supportlngtheteclmologleSOftomorrow.,
.creatlnginfrastructurefornationalandglobalnetworks;
.enhancingR&Dingovemmententerpnses;
･educatingInnovativemanagersforthe2lstcentury･'
.delivenngonregionalleadershipin2010.
EconomicGrowthStudy(Sheehan etal1995)-Amajorstudywascom issionedon
theroleofS&Tinwealthcreationandwhethereconomicgrowthmightbeli鮎dby
additionalinvestmentinR&D.Thisconcludedthatanenhanced,colmlerCialy-
drivenR&DsystemcouldgiveanincremenHogrowthofaboutO･7%perannum･
IndependentStudies-Throughvisitsandcomi ssionedstudiesASTECobtained
infbmationabout血eForesightactivitiesofothercountdesandaboutAustralia's
S&Tperformance.
2.2Findings
FromtheconsultationsandstudiesASTECidenti丘edfわurKeyForceswhichwil
changethelivesofAustraliansovertheyearstocome.Theyare'.
.Globalhtegration;
.ApplyinghfbmationandCommu山cationsTech10logies;
.EnvimnmentalSustainability;
.AdvancesinBiologlCalTeclmiques.
- 25-
Althoughthesearerelativelyindependentandcan betreatedasdistincttheyare
interlinked.ForexampleIC&Tcanalsobeconsideredanenablerofglobalintegration
anditistheirinteractionthatisshapingtheglobalknowledgeeconomy･The丘rst
threearestronglyimpactlngOnthepresentandareexpectedtogrowinslgmi丘Cancein
thecomlngyearS･ThefourthcovennggeneticsandtechnologylSrapidlygathering
force･TheseKeyForcesrelatecloselytothoseidenti鮎dinthe丘rstUKForesight
study.
ASTECconsideredtheseindetai1andidenti丘edanumberofareasforactionforeach
OneaS:
･developasetofstrateglCPnnCiplestoguideAustralia'sproactive
partlCIPationinavarietyofintemationalforainvolvingS&Tegtrade,standards,
intelectualproperty,andtoencouragewideuseofintemationalbenchmarkingin
btlSiness
.ensurethatIC&Tareintegratedasakeycomponentwithinallsectors
andthatallAustralianSareskiledtoprovideaflexibleresponsetothechallengeof
thesetecbnologleS;
.establish血ebroadpamnetersfb∫asystemofresourceaccountmgm
Australiaandtheinfrastructureandstrategicresearchneededtocarryitout;
.developguidelinesfわrethical,envimnmentalandequltylSSueSanSmg
frombioteclmologydevelopmentsand,inparticular,forgenetictestlngandtreatment
ofbumansand也euseofpersonalgeneticinfbmation.
ASTECnotedthattheimportanceofS&Twilgrowoverthenextdecadesandpeople
atalllevelsandoccupationswilberequiredtomakedecisionsaboutscienti丘C
knowledgeandtechnologicalapplicationsintheireverydaylives.S&Texpertsmust
bepreparedtoanswerthesecorununltyneedsandadapttoworkinglnnewWaystO
meetnationalgoalsofacreative,productive,inclusiveandecologicallysustainable
Australiaintothe2ls(century･
ASTECgroupedpotentialexportopportunitiesfTorAustralianindustry,whichcould
emergeoverthenextdecades,intofourbroadandoverlapplngCategoriesof:
･'people-1inked'businessincluding TravelandTourism,Engineenng
infrastructure,Knowledge-basedservicesandculturalexports',
/infrastructure-1inked'businessincluding:Education Facilities/Services,
HealthFacilities/Services,MedicalResearchandTransportation;
.'resource-andenvironment-1inked'businessincluding:Agri-industry,
Value-addedmineralproducts,EnvironmentalManagement,Renewableandother
energy;and
.manufacturingbusiness-includingICT,Pharmaceuticals,andemerglng
FlexibleManufTacturmgstructures.
ThesewereexploredbyASTECinsomedetailinthe丘nalreport(ASTEC1997)･
2.301tCOmeS
Benefits丘omthestudyfalundertwobasicheadings:process,fromthetestlngOf
ForesightinS&TplannlnglngOVemmentandindustryandproduct,fromastrategy
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basedsetoftactical S&TpolicyrecoⅡ-endations,pnmarilyfbrtheAustralian
Govemment.
TheprocessrevealedmanystrengthS.Becauseofthehighlyconsultativenatureofthe
studyitwaspossibletoaddressmanydifficultissuesthatAustraliafacesinkeeping
pacewithchange,bothintheS&Tcommunltyandinsocietyasawhole･Thusissues
suchasfosterlngatitudinalchangeinAustralian societyandincreaslngindustry's
commitmenttoR&DaspartofachievlngCOmPetitivenesswerefreelydebated.
Aproducthasbeenabeterappreciationoftheinterrelationshipbetweenscience,
technologyandtheeconomyintheAustraliancontext.TherealityisthatAustraliais
asmallplayerandthatthecontributiontopurescienceonaworldscaleisoftheorder
oftwopercent.TheimplicationsofthisneedtobetakenintoaccountinoptlmlSlng
theAustralian S&TeffortsandindevelopingaSkilsbase.Thereisnodoubtthat
plannlngR&Discontroversialbutitisan issuethatmustbefacedbysmaler
countnes.
Thestudyhashighlightedtheneedforintemationalcooperationtomaintainaccessto
theworldknowledgebase;traditionallinkshavebeentoEuropeandNorthAm erica
butthereisclearlyaneedtobuildhnkstotheemerglngsciencebasesofEastand
NorthAsia･Thereappearstobearemarkablecomplementaritybetweenthescience
basesofthelaterandAustralia･ThusAustralia'sstrengths-biology,medicine,eadh
andenvironmentalsciences一打e血oseinwhichAsiaisweakest,whilein血osewhere
Australiaislessspecialised-physics,chemistry,mathematicsandenglneenng-are
thecentralfTocusoftheemerglngSysteminthosecountries.
4.CONCLUSION
An importantlessonfrom theASTEC studyistheimportanceofthepolitical
environmentinwhichnationalForesightiscarriedout.AcomparisonwiththeUK
studyhighlightsthisrathergraphically.
h theUK thefirstForesightstudywascolmnenCedunderaConservative
GovemmentandreportedonjustataChangeofpowertoaLabourGovernment.The
bipa山sansuppoltWasSOStrongthat血eincomlngGovemmentpromptlycom enced
asecondstudyalbeitonewithsomemodificationstoincludemoresocialissuesas
welastechnology.
hAustraliathestudywascommencedunderaLaborGovemmentandcompletedjust
befわreachangeofpowertoaLiberalGovemmentwhichhadnotbeeninvolvedand
whichhadastrongideologyofcor皿itmenttoeconomicrationalismandtheroleof
marketforces. Thustheresultsofthestudywerenottakenupbythenew
Govem entanditcannotbeclaimed,asintheUKstudy,that'theForesightprocess
hasbecomeembeddedwithinsciencepolicythinkingacrossthepolitCalspectrum'or
that'thepublicandprivatesectorsareatlastworkingtogether'.
ThusalthoughthevalueoftheASTECstudyhasbeenwidelyacknowledged,both
nationalyandintemationaly,thedirectpolicyoutcomeshavebeenlimited.Someof
theopportunitiesforactionidentifedbyASTEChaveimplementedorexaminedina
lowkeymannerwithin Govemmentdepartmentsandagenciesatthemeso-and
micro-level,andthepnvatesectorhaspursuedsomeoftheexportopportunities
identinedinthestudy･SomeofthePartnershipgroupshavecontinuedbecausethe
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partlCIPantSreCOgnisedthevalueoftheprocessandothergroupshavetakenup
Foresighttechmiques.
Despitetheweakpolitcalsupportinterestinpnonty-setinghascontinuedagalnSta
backgroundofresourceconstmintsparticularlyforbasicscience.Thusin1997,partly
inresponsetotheASTECreport,theChiefScientistwastaskedtoreportongapsand
overlapsin publiclyfundedS&Tandrecommendwaysofidentifyingnational
pnoritiesfわrS&T.TheChiefScientistadvocatedacomprehensiveapproachto
pnontysetlngStartlngWithaclearlyarticulatedpreferredvisionforAustralia･h
particular`ASTECshoulddevelopthepriorityidenti丘cationprocessfurther'(Stocker
1997).
Ironical1ythisrecommendationcoincidedwiththerapiddeclineofthepowerof
ASTECwhichwascloseddown in1998.Itsrolehasbeenpartiallytakenoverbythe
PrimeMinister'sScience,EngineenngandhnovationCouncilwhichispolitically
morevisible(atleastonthetwooccasionsayearthatitmeets)butwhichhasfew
resourcestocarryoutactivities!
Basedon theAustralian experiencetheimportanceoftop-levelsupportin
Govem entfornationalForesightstudiescannotbeover-emphasised!
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Abstract
WhileCanadahasnotconductedformaltechnologyforesightstudies.ithasused
broad-basedconsultationsinvolvinggovemments.thepnvatesector,academiaand
interestgroupstosetnaUonalscienceandtechno一ogy(S&T)strategy.Suchan
exercisewascompletedin1997andresultedinacomprehensivefederalS&T
strategy,assummarisedinthispaper.
lnaddJ'tjontothisnatjonarapproach,publicandpnvatesectorinstitutionsdousea
van'ety oftechnology projection methods,Such as technologyforecasts and
technologyroadmaps,forsetingS&Tstrategy.Thesestudiesmayserveindividual
firmsorJ'nstjtutionsormaybeaimedatspecificindustrialsectorsorsub-sectors･
WhHelarge-scaleDeJphisurveysarenotusedtoconductthesestudies.techniques
suchasscenarios.expertandinterestgroupconsuJtatjonsandroundtabZediscussion
groupsaresimJ'lartomethodsusedinforesightstudies.
Thispaperdescribesthetechno一ogyroadmapprocessforsetingindustrysector
R&D strategresanditsoutcomes. FinaHy.thispaperdiscussesthetechnology
forecastmethodologyusedbyindustrytosetfirm-levelR&DstrategJeS.
htroduction
AstheworldcontinuestoheadtowardseconomicgJobalizatjon,thecompetitiveness
ofknowledge-based economies is becomlng increasJngly dependenton the
developmentofleading-edgetechnologJeSandtheirrapidapplicatjonbyacountry's
innovatJronsystem. Some ofthemanychaHengesfacing counthesthatare
competingintheknow一edge-basedeconomyare:to developmoreproductive
scientificandtechnicaHnfrastructureandexpertise;tobecomemoreefectivein
acqulnngknodedgefromgJobalsources;andtoincreasetheefRciencyofdiffusing
andutilizingknow一edgethroughouttheinnovationsystem.lnaddition,thescience
andtechnology(S&T)capacityofacountrymustbeunderpinnedbytheabiJitytoset
strategicdirectionsandtoestablishinvestmentpriorities. lnCanadaasinother
countriesavarietyofmethodsandtoolsareusedtodevelopS&Tstrategy.ranging
fromtechniquesusedtosetnatjonaldirec臼ontothoseusedtoestablishRrm-1evel
strategies.
WhHeCanadahasnotusedlarge-sca一eDelphisurveystoconductformaltechnology
foresightstudiestosetnatjonaJS&Tstrategy,ithasusedbroad-basedconsultations
invo一vinggovemments,thepnvatesector,academiaandinterestgroupstoachieve
similarresults.Suchaconsultativeexercisewascompletedin1997andresultedin
acomprehensivefederalS&Tstrategy.Thedescriptionoftheresultsofthisexercise
constitutesthe月rstpartofthispaper.
lnadditiontothisnationalapproach,publicandpn'vatesectorinstjtutjonsdousea
van'ety oftechnology projection methods,Such as technologyforecasts and
techndogyroadmaps,forsetingS&Tstrategy.Thesestudiesmayserveindividual
firmsorlnSt-Jtutionsormaybea-1medatspectlficindustrialsectorsorsub-sectors･
Whilelarge-scaleDelphisurveysarenotusedtoconductthesestudies,techniques
1pleaseaddressyourinquiriestosadiq.hasnain@nrc.ca
21500MontrealRd.,Otawa,Ontario.Canada,KIAOR6
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such as scenario deve一opment,expertand interest一group consultations and
roundtabledL'scussiongroupsaresimlartomethodsusedinforesightstudies.
lnfate1996theministryofindustry(IndustryCanada),inpartnershipwiththeOntario
AerospaceCouncil.22Canadianaerospacefirms,theNationafResearchCouncjJ
andtheDepartmentofNatjonaIDefence,developedatechnologyroadmapforthe
aerospaceindustry.ThisstudyfitdthinthegreatercontextofotherIndustryCanada
roadmapstudiesone-ectricafpower,forestoperations,geomatics,medicaHmaging.
metalcastingandwood-basedpanelproducts.EntjtJed'CanadianAjrcra冊Design,
Manufacturing and Repair& OverhaulTechnology Roadmap",the document
identifiesfi托ycriticalenablingtechnologiesrequiredbytheindustrytodesign,buiJd
andmaintainaircra札 aircra冊systemsandcomponents.inordertomeetcustomer
demandsintheperiod2001-2005. Thestepsandtheresultsofthisprocess
constitutethesecondpartofthispaper.
Lastly,in1997astudywasconductedbytheNationalResearchCouncilofCanada
(NRC)OntheuseoftechnologyprojectionmethodswithinCanadianindustry.The
studyrevealedthat,ingeneral.industryconductstechnologyforecaststhatuse
similarmethodologleStOthoseusedinthetechnologyroadmapsmentionedabove･
Thelinalpa什ofthispaperdiscussesthefindingsofthatstudyintermsofthe
methodsusedinthetechnologyforecasts,Criteriausedintheselectjonofan
industrialR&Dpo什folioandthesourcesofinformation.
1.NationalScienceandTechnologyStrategy
TheR&DandS&TScenesinCanada
GrossDomesticExpendituresonResearchandDevelopment(GERD)inCanada,in
1998,｢ep｢esentedabout1.7% ofGDP,upfrom 1.2% in1981.Inabsolutevahes
tota一expendituresinResearchandDeve一opment(R&D)haveincreased3-foldfrom4
bilionin1981to13bilionin1998.Thisgrowthhasbeenfueledlargelybygrowthin
industryexpendituresandbyforelgnfundingofCanadianR&D.Fn1998.49%ofaH
R&D expenditureswerefundedbyindustry,22% WerefundedbytheFederal
govemmentand13% werefundedbyforeignsources. AJsoin1998,64% of
researchwasperformedbypn'vateenterpn'se.22%byUniversitilesandll%bythe
Federalgovemment.
AJthoughCanadl'anindustrycarn'esoutR&DinaFargenumberofsectors,ithas
focused significant resources in the areas of telecommunications (38%),
manufacturing(16%),aerospace(14%)andpharmaceuticals(10%).
TheFederalGovernmentS&TReview
ln 1996,the Canadianfederalgovemmentcompleted a majorreview ofits
expendituresandprogramsrelatedtoscienceandtechnology.ThisS&TReview
waspartofagovemment-WideProgram Review aimedatgetinggovemment
spendingundercontrol,reducingduplicationandfocuslngactivitiesmorecloselyto
thestrateglCPnOritiesofthefuture.Aspa什oftheS&Treview,Seventeenindustrial
sectorswereexamined,covenngabroadrangeofindustriesfromresourcetohigh-
technologymanufacturingandservices. Thisexerciseprovidedthebasisfor
understandingtherelationshipsbetweenCanada'sresource.manufactuhngand
serviceindustriesandenab一edtheidentificabonoftrendsandopportunitiesinkey
sectorsoftheeconomywherefederalS&Tcouldhaveapositl-vehTIPaCt.
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Throughabroadconsultatjonprocess,whichincludedCanada'sindustries.the
federalgovernmentestablisheditsstrategicpnoritiesfortechnologJCalinvestment.lt
一edtothejdentjficatjonoftwonewpn-orjtyareasforfederalS&Tsupport:informatJLon
and telecommunicatjon technoJogJ'es (fT&T) and advanced manufacturing
technologies(AMT).Aswel,theearliercommitmenttotwokeytechnoJogies,mainly
biotechnofogyandenvironmentaltechnoJogleS,Wasrenewed.Thesetechnologles
fa川intothecategoryof"enablingtechnologies",whicharethetechnologtcalbasefor
newproductsandprocessesuponwhichmanyindustriesdependforcompetingJn
gJobaJmarkets.ltisalsoacknow一edgedthatstimulatJ'ngthedevelopmentofthese
enabHngtechnoTogJeSWiHleveragesubsequentappIiedR&DJ'nanumberofsectors
oftheeconomy,providingtmportanttechnologlCalspiHoversandcontributingto
makingthosesectorsmoreefRcientandproductive.Assuch,theseareasforfederal
S&Tinvestmentwerese一ectedonthebasisoftheirpotentjaltobekeygeneratorsof
futurewealthinCanadaasweJrasfortheircorrespondencewithcompetenciesand
resourcesofthegovemment'sS&Tagenciesand,thus,fortheirpotentialtoform
strongrJ-nkstoCanadianindustry.
A凡erunprecedentedconsultatjons,theFederaJgovemmentissuedanewstrategy
entitled,ScienceandTechnologyfortheNew Century.Thisstrategyoutlinesa
seriesofgovernancemechanjsms,operatingpnnclplesandpriorjtjesthatw‖guide
Federa一S&T intothenextcentury. Recogmzlngthe roleofknow一edgeand
technologylneconomicgrowth.theFederalscienceandtechnologystrategylS
basedonasetofnationaJgoalstowhichourS&Tresourcesshouldbedirected･
Thesegoalsare:1)SustainabJejobcreationandeconomicgrowth;2)lmproved
qua=tyoflife;and,3)Advancementofknowledge.
Tofurtherthemanagementofthe FederalgovernmentS&Teffortjnamore
comprehensiveandcoordinatedway,theS&TstrategycreatednewJ'nstitutjonsand
mechanismstoimproveadvice,governance,decisionmakingandcoordination.One
ofthesenew mechanismsistheAdvisoryCouncilonScienceandTechnology
(ACST),whichreportsdirectJytothePn'meMinisterandprovidesstrategicadviceon
arangeofS&TissuestotheCabinet-levelEconomicDevelopmentPolicyCommitee.
The strategy also defines seven operating princIPIes to guide government's
departmentsandagenciesinperformlngandjnvestJ'nginS&Tintothenextcentury.
Theseopera帥gpnnc岬Iesare:
･increaslngtheeffectivenessoffedera"ysupponedresearch;
･captunngthebene月tsofpartnership;
･emphasizrngprevenb'veapproachesandsustainabredevelopment;
･increaslng industry competitiveness by positjoning Canada within emergIng
internationa一regulatory,standardsandinteZlectualprope什yregimes;
･buildinginformationnetworks-theinfrastructureoftheknowledge-basedeconomy;
･extendingscienceandtechnologyHnkagesintematjona"y;and,
･promotl'ngastrongerscienceculture.
FolZowlngCloselyuponthisstrategywereActionplansforeachFederalareaofS&T
.acMtytoputthesegoalsandphnciplesintoacdon･AcentraHhemeofthesePlans
ISanewmanagedapproachtocoordinationandcooperationamongthevarious
FederalplayersinS&T.Thecreationofthe"JndustryPortfolio"-agrouplngOfll
Federaldepa代mentsandagencieswhichrepo托throughtheMinisterofIndustry.was
acommitmenttothisnewmanagedapproach.
The Jndustry PortfoHo incJudes 月ve FederaJR&D funding and performlng
organ!zations(includingNRC)Ithreeregionaldevelopmentprogrammes･ahancjaI
organIZation,aFederalstandardsbodyandthenationalstatisb'csagency.Together,
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thesellorganizationsoverseeacombinedannualinvestmentinS&Tofmorethan
$2bi"ion.whichrepresents41%oftotalfederalS&Tspending.
TheJndustryPortfolioiscreatinganewvisionandanewstrategicapproachbased
oncoordI'natjngthedistJ-nctJIvecapabH柑esofJ'tsdepa托mentandagencies.This
approachisfoundedonacommonbeliefintheimportanceofentrepreneurship,
cooperation,andpartnershipthatwHfosterco=aborationandpromotesynergy.Jtjs
alsofoundedontheroleofgovemmentasacatalystwithintheCanadiansystemof
innovation.
DeterminingPdontiesandAJigningPortfoljoPartnersPrograms
AJthoughthereareagrowlngnumberofinitiabvesdesignedtoimplementtheS&T
strategytoaddressthedefinedpnlon'tyareasforinvestment.thedevelopmentof
partnershipsandthealignmentofponfoliopahnersprograms.thefoLlowInglist
providessomekeyexamples.
･ ReseaIChPartnersh/'pProgram.ThisisajointinitiadveoftheNatjonaJResearch
Councilandauniversitygrantingcouncil.CaledtheNaturalSciencesand
EngineenngResearchCouncil.Thisprogramisdesignedtocreatestrongthree-
way Linkages and 亨ynergy among NRC's research ins別utes･university
researchersandthepnvatesectorbyleveragingcomplementaryR&DcapabiJity.
. TheFederalNetworksofCen&esofExce/fence. TheFederalNetworksof
CentresofExcelenceisaunlqueinitjatjvedeslgnedtofostercooperation
between researchin pubHcinsti'tutionsandinpnvate enterpnses. These
networksundertakemultidiscipHnarytargetedresearchdesignedtoaccelerate
thetransferoftechno一ogytoindustrythroughgovemment-university-industry
pa仙1erShips,todevelopCanada'Seconomyandtoimprovethequalityoflifeof
Canadians.
･ Techno/ogyPartnersh/'pCanada(TPC).TPCisdesignedtosharetherisksand
rewardsofhightechnologyInvestmentsWiththepnvatesector,Theaimofthe
TPC istoincrease investmentinglobaHycompetjbve industriessuch as
environmentaltechnologies,enablingtechnologies(biotechnology,advanced
manufacturing,advancedmaterials,informationtechnology)andaerospaceand
defenceindustries.
' Techno/ogyIncubators.AbiotechnoLogyincubatorfacilityhasbeenbuiltatNRC's
siteinMontrea一,fundedjointlybytheNRC,thefederalreglonaldevelopment
agencyinQuebecanda privatedeveloper. Anotherincubatoraimedat
stimulabngthedevelopmentoftheinformationandcommunica心onstechnology
SectorhasbeenbuiltontheNRCcampusIlnOtawa.TechnologyIncubators
associatedwithNRCinstitutesinotherpartsofCanadaarealsobeingdeveloped
orplannedtohelpfosterthegrowthofspTnl0fsandSMEs.
' CanadianTechnologyNetwork(CTN).CTNisadisthbutednetworkofexpertise
and information,which is helplng tO improve the competitive position of
technoTogy-intensiveSMEs. CTN optimizesthedeTiveryoftechnoTogyand
relatedbusinessservicestoindustrybylinkingmembers,whichconsistofabout
athousandtechno一ogyserviceorganizations,withtheaim ofprovidingeasy
accesstoinnovationservicesforSMEs.
･ Communib,Innovation.lnrecognitionofthefactthatinnovationisdrivenby
regjonaIandcommunity-basedsystems.NRCiscontributingtostrengthening
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geographic technoJogy clusters by working in concertwith reg10naland
communityinitiatives. Tocreateamoreintegratedinnovationsystem andto
shareknowledgeandinformation,NRCisestablishingpartnershipsandnetworks
withaHelementsofthereglOnaIinnovationsystem.
･ TheCanad/lanFoundationfor/nnovation(CF/).TheCFIhasbeenestablishedto
providefinancjaJsupportformodemlZJngresearchfaciJitjesandequIPmentat
Canadianpost-secondaryeducationalinsb'tu七onsandresearchhospitalsinthe
areasofscJ'ence,engineering,heaJthandtheenvironment.The$800M set
asideoriginalyhasbeenincreasedbyanother$900milHonintherecentbudget
announced on 28 February 2000. CFJwil provide funds forresearch
infrastructureduringthenext月veyearswithmatchingcontributionsfromother
levelsofgovemment,industryandprivatesources.
･ PerformanceFrameworks. TheNationalResearchCouncilhasdevelopeda
performanceframeworktoreguJarlyassessthecontinuedrefevance,success
andperformanceofitsprogramsandoperationsinthecontextofitsvision.
NRC'sPerformanceFrameworkidentifiesobjecblves,actjvitjes,outputs.reach
andimmediateandlongerterm J-mpactsanddescribesthelinkagesbetween
them･Thisapproachfocusesmanagementatentiononthreekeyperformance
areasincJuding,resources.reachandresuJts(immediateandlong-termimpacts).
Theframeworkisdescn'bedinannex5.AsimiJarexerciseisunderwaywithinthe
lndustγPo什b=O.
･ New /nib'ativesSI'nce1997. 1n1999,about$200milionofnewfundingwas
addedtoanexisb'ngbudgetofabout$240miflionformedicafresearchtocreate
thenew CanadianlnstjtutesforHealthResearch. VVhJ'leinthemostrecent
budget,announcedon28February2000,over$700milioninnewfundingwas
commitedoverthreeyearsforprojectsontheenvironment.lnaddition,over
$700mi[h'Oninnewfundingwascommitedover3yearsforprojectsonthe
environment,$160milionwascommitedforgenomics,$70milionforcreating
virtua)museums,alongwithanumberofsmaHerjnitjatjves,SuchasNRC's
aerospaceresearchfacilityinMontreaL
2.¶∋ChnologyRoadmapsforCanadialHndustⅣ
ln1995,CanadiangovernmentofRcialsnotedthesJgnjficantefortsjntheUS,theUK
andothercountriesondevelopzngtechnologyroadmapsforvariousindustries,
usuarJywlithsigniRcantgovemmentsupport,andthepositiveresultsbeingachieved.
ThisconceptwaspHotedintheCanadiancontextincertainkeyindustries,Stanjng
withaerospaceandforestry.EIectn'carpower,geomatJ'cs,medicalimagFng,metal
castingandwood-basedpanelproductssoonfoHowed.Thetechnologyroadmap
processbn'ngsrepresentativesfrom boththepnvateandpublicsectortogetherto
createforecaststhatwilhelpCanadian companiescompetedomestjcaHyand
abroad.Government'sinvolvementislimitedtoafacilitatorroJe.
Canadjan Aircraft Design,Manufacturing and Repair & OverhauJ
TechnologyRoadmap
lnlate1996theministryofindustry(IndustryCanada),inpartnershipwiththeOntario
AerospaceCouncil,22Canadianaerospacefirms.theNationa一ResearchCounci)of
CanadaandtheDepa什mentofNationalDefence,developedatechnologyroadmap
fortheaerospaceindustry.Thiswasinmanyrespectsthepl0neenngrOadmapln
Jndustry Canada. ltdeveloped the approach and a three-step process for
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roadmapplnglnaCanadianindustrialcontext.Theapproachwastoinsurethatthe
roadmapwaschampeonedandproducedbytheindustry,W^thsuppo什fromresearch
organizationsanduniversities,whilelndustryCanadaplayedafacilitatingrole･This
ensuredthatindustrywouldconsidertheresultstobecredible.Toa"Owindustrial
competitors to coIJaborate,only pre-competjtjve,enabling technologleS Were
considered.The月nalimportantaspectoftheapproachwastoaddressroadmapplng
fromamarket-pulJratherthanatechnology-pushperspective.
Thisapproachprovedtobesuccessfulinthatitconvinced22Canadianaerospace
firms,rangingfromOriginalEquipmentManufacturers(OEMs)tosmalsub-system
andcomponentsuppliers,tocolaboratefortheRrsttimeinde帥 ngthetechnological
futureoftheirindustry.
TheprocessconsistedofthefoJlowlngSteps.Theかststepwastodefinethemarket
pulintermsofthefuturerequlrements,whicheachcustomerinthesupplychain
wouldimposeonthesupplier.Thisstartswiththeenduser'S(e.g.theairlines)
requlrementS,Suchascostandperformanceimprovements,environmentaland
regulatorychanges.andpassengercomfon.TheserequLrementSarere仙edasthey
movedownthesupplychain,fromaircra耗OEM'stomajorsystemintegrators,to
subsystem integrators.tocomponentsuppliers.Eachleveltranslatesthemarket
requlrementsfrom itscustomerintorequIrementS,thatwilbeimposedonits
suppHers.Such a marketrequIrementforecastislargelynon-propnretaryand
thereforecapab一eofbeingsharedbytheroadmapprojectparUcipantsI
Jtwasimportanttochooseareasonabletimeframeforthesemarket-requlrement
forecastsintermsoftheindustry'stypicalproductdevelopmentandproductioncycle.
Thistimeframewouldcoveraperiodfarenoughinthefuturetoalow the
introductionofnewproducts,butnotsofarastodrasticalyreducereliabiHtyofthe
forecast.TheUmeframechosenwas2001through2005.
Thesecondstepintheprocesswasproprietarytoeachparticipant,andthereforenot
shared.EachRrmexaminedtheimpactofthemarketrequLrementSdefinedinstep1
onitsproductHne,toidenti～thenext-generationproducts,incJudingtheincremental
modificationsandchangestotheircurrentproducts,tosuccessfuJlycompeteinthe
futuremarketplace.
Step3SelectedandidentifiedthekeyorcriticaHechnologles.whichwouldhavetobe
inplacetocompetjtivelydesign,manufactureandsupporttheseneworincremental
products.These"enabling"technologIeSdidnotdealwithproprietaryproductsor
processes,and could therefore be shared.lnfact,the description ofthese
techn0-Oglesbecametheroadmap.
Theselectjonprocessinstep3wasperformedbyeightTechnologyWorkingGroups
covenngeighttechnologyareas:design;environment;maintenance,repalrand
overhaul;management;manufacturing;materialsand structures;systems;and
visuaHzation.Theseeightgroupsdescribed冊ycritjcalenablingtechnologiesI
ThetechnologyroadmaphasbenefitedaHparticipants. Forcompaniesitisa
strategydeve一opmenttooltoiden的 thegapsbetweentheircurrenttechnological
capabilitiesandfuturerequlrements,andtomaketechnologyInvestmentdecisionsto
closethisgap,ForresearchandeducatjonaJinstitutionsitprovidesguidelinesfor
structuringfutureacademicprograms. ForgovemmentsitprovidesastrateglC
directionforindustn'aldevelopmentactivities.lnthecaseoftheCanadianAjrcra冊
Design,ManufacturingandRepair&OverhaullTechnologyRoadmap,severaHirms
haveinitiatedR&DprojectstoacqulreteChnologleSdescribedintheroadmap.The
NatjonalResearchCouncil'slnstituteforAerospaceResearchhasusedittodesign
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its strateglc plans forresearch in advanced aerospace manufacturing.The
AerospacelndustriesAssociationofCanadaandtheNationalResearchCouncil
havecombinedtoestablishanOfRceofCo=aborativeTechnologyDevelopment,
which facilitates the establishment of mu柑-disciplinary, industry-research
organization-universityteamstodeveloproadmaptechno一ogies.A keylndustry
CanadatechnologylnVeStmentProgramProvidespreferentialsupporttocoHaboratjve
teamsundehakingR&Djdentjfiedintheroadmap.
Insummary,theroadmapefforthasfocusedatentJLononmarket-driventechno一ogy
requlrementS,andisencouraglngCOHaboratJronwithinthepub一icandpn'vatesector
Canadianaerospacecommunityontechnologydevelopment.
3･TechnoJogyProjectioninCanadianCorporations
FlrnaHy,onthemostmicrolever,technologyforecastingmethodologyJSusedbythe
CanadianpnvatesectorcorporaUonsforstrategydevelopment.Astudyconducted
bytheNatjonaJResearchCouncilin1997revealedthetechnologyforecastmethods
andpracticesusedbyindustrythroughinterviewsconductedwithdecisionmakersin
sixreadingCanadianpnvatesectortechnologyfirmsinaerospace,information
technology,CommunicationtechnologyandpharmaceutJIcals. ThefolrowlngW川
presenttheresultsofthisstudy.
Onagenerallevel,fromacorporateR&Dperspective,atechno一ogyforecastisseen
asatwo-waycommunicationprocessbetweenbothintemalandextemaHnformatjon
sourcestoensurefutureneedsofcustomersaremetinacompeb'tJIvewaybythefirm
anditspartners.
FromthetechnologyPUHofcustomerneedstothedefinitionofanR&Dresearch
portfolio,wefounda3-steppr,ocessverysimHartothatusedinthetechnology
roadmapplngexercisementionedabove.Thesethreestepsareusedtodefinethe
R&Dportfo=O,whichsuppo什thecorporatestrategy.Technologyforecastsareused
inthisprocesstounderstandandqualifyfutureneedsandopportunitiessothata
strategycanbedefinedtomeetthoseneeds.
ThefirststepintheprocessinvolvesIookingatcustomerneeds.Thisistheearmark
ofastrongtechnologypulfapproach.Withinthiscontextacommoncommentby
industryexecutiveswasthat'-customerneedsarealIthatcount".Tounderstandand
meetcustomerneedsthecorporationfirstlooksatexistingcustomerneeds,as
identifiedbythecustomersthemselves. Theseunfulfi‖edneedsareunderstood
withinthecontextofexistingtechnoIogleS.FinalIythecorporationwi"lookatthe
socio-economicdriverswhichwilre-shapesho托termandlongtermcustomerneeds.
Technologyprojectiontoolsareusedinsteponetodeterminewhatarethepresent
andfuturetechnologyneedsofthecustomer.Todoso.corporationswmengagein
technologyscannJng,trackingandmonitorjngthroughconferences,(iteraturereviews,
andcompetitiveintemgence.TheywilforecasttechnologJeSuSlngconsultationswith,
mostimportantly,thecustomersthemselves,Othersourcesofinformationinclude
suppHers.competitivebidsandcompetJ'torpublications.Acharacteristicofuseful
projectioninformationisthatitmustleadtoactionableitemswhetherintheshortor
longterm oridentifycrediblepotentialtechnologicaloutcomes.Usefulprojection
informationwilhelpanswer:Whatisthepotentl'alsizeofthemarketanditsgrowth
potential? WhatarethebarnLerstomarketentryandthemarket'skeysuccess
factors?Whatisthepotenbafforprommargin?
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Thesecondstepidentifiesthetechnologles,systemsandequIPmentrequiredtofulfil
customerneeds.lTechnologyprojection toolssuch asscanning,tracking and
monitoring are used to understand the intersection ofin-house,pannerand
competitortechno一ogy development. The outcome is strateglc positjoning.
CompetitiveinteHgenceiscriticalatthisstage.UsefuHnformatjoncoHectedwilhefp
toanswer:Whatareacompany'scompetjtjvecapab‖itjesandtechnologies? Are
therekeypartnerswithkeytechnologJeSthatcouldhelpmeetcustomerneeds?
WhatarecompetitorsdoingJnthisareaandlikelytodointhefuture?lsthisanarea
atwhichthecorporationexcels? Whatwi"bethebenefitsofaglvenR&D
investmentintermsofcompanycapabilities(productivity,manufactuhngadvantage,
service advantage.maintenance advantage,etc)? Whatare the risks and
opportunitycosts?Whatmagnitudeofinvestmentw川enablemarketleadership?
ThefinalstepJSStrategydevelopment:whatw川betheR&Dportfolio?Whichcore
technologleswiI=)edeveloped? Whichonesw川beacquiredthroughpartnerships
andacqujsitjons? Thisistheactionstepwheretheknowledgegatheredthrough
technologyprojectiontoolsinsteps1and2now inform strategy. Technology
forecastscanhelpanswercommonquestionsaskedbyacorporationinstrategy
deve一opment:how dowewinmarketpositioninthecurrentsectorwithcurrent
technology? HowdoweenlargecustomerservlcIngWithcurrenttechnology? How
dowewinmarketpositioninthecurrentsectorwithnewincrementaltechnologies?
Whatarethenewopportunitiesin一atentmarkets?
Theprocessalsoincludesafeedbackandreviewloop,whichcontjnuaJlyImproves
andupdatesstrate9yandunderstandin9.
Withinthisthree-stepframework,themostimpo什antpnncIPlesinmaintajnlnga
dynamlC,leading-edge,technology-basedcorporationisabotom-uplnnOVation
system.Forecasttools,suchasscannlng,trackingandmonitoringareusedatthe
base,withinthebusinessunits,byprojectmanagersandscjentjsts.Thismakes
senseinatechnologypu川situationasthebusinessunitsarethosecJosesttothe
market. The botom-up modelmakes use of"information champ10nS". An
informationchamp10nisanindividualwithinthebusinessunitthatw川Spearhead
projectionresearchanddisseminatethisinformationhorizontalyandvertjcaly.
Championsensureacontinuityinscanning,moniton'ngandtracking,whichalowsfor
comparableresults.Champl0nSCultivateideasfromthebaseandinterfacethese
whthextemaJadvisorycommiteesofcustomersandindustryrepresentativesto
determinefeasibilityandutjlity.Theideasthengoupwardstofeedintothestrategic
process.Withinthismodel,therew‖beasma=teamoftechnoZogyforecastexpe代s
atthecorporateservicelevelthatwilconducttechnologyforecastsatthebusiness
unitlevel.TheywHlbringngourtotheforecastingprocess,informonforecasting
techniques,providegenuineanalysIS,¶ndadditionalinformation,andbringthe
businessunitgeneratedideasintothestrategydevelopmentprocess.
Beforeconcluding,one月nalnoteshouldbemadeonthetimehorizonoftechnology
forecastsforcorporations.Becausecorporationsareclientdriven,theirprojections
donotgomuchfu州1erintothefuturethantheneedsofthecustomersthemse一ves.
ThistranslatesintobmehorizonsofnormaJlylessthat5yearsforatypical
technologybasedorganization.Corporationsthatderiveaslgnificantponjonoftheir
revenuesfromnewtechnoIoglesw‖tendtohavealongertimehorizon,whilethose
whotendnottoleadwithtechnoIogFCaIinnovationhaveshorterhorizons.llme
hon'zonsalsovarysrgnificantJydependingonthespeedofchangewithintheindustry.
Compannginformationtechno一ogyandaerospaceforexample. Further,withan
industrycertainproductcategoriesdemandmoretechnologlCalinnovation. For
example,ininformationtechno一ogy,innovationjnkeyboardtechnologywHlusea
muchshorterhorizonthanthatinchipdesign.
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Conclusion
Nationallevelstrategy,industrylevelstrategyandcorporatelevelstrategyshould
andcanbehigh一ysynergistjcinthedevelopmentofastrongnationalandreg10nal
economy.Stretchingfrommethodsfornationalpolicydevelopment,tomethodsfor
theestablishmentofindustrysectorstrategleS,tOthosethat deRnecorporate
strategleSforindividualfirms,Wefindacontinuum inthetypeofinformation
generatedbytherespectivetechnologyproJectJ'ontoolsused.Thiscontinuum of
informationgoesfrom pre-competjtJrve to competitive,from a focus more on
breakthrough,enabHngtechnologJeStOOneaimedatincrementalimprovementsin
technology,andfromananalysISOfahighnumberofpotenbalfuturepathstoan
investigatJlonofamoreweH-de月nednarrowfocus.
NationalpolicycanbeseentopreparetheSOHfortechnologydevelopment.tdoes
sobyarranglngasetoffinanciaHncentjvesthatwincreateaninnovativeenvironment
gearedtowardstheadvancementoftechnology.JtpreparesthesoiJbyfocussIngOn
pervasive,enablingtechnologresthattendtobe一ong-terminorientation,fromwhich
manyshort-termcompetitivetechnologleSdevelop.AttheNatjonaHeveF,emphasis
canbeonriskybreakthroughtechnologIeSWhereahighnumberofpossiblepaths
exist. Technologyprojection methods atthislevelhaveinvolved extensive
consultationstogalnconsensusonhowandwheretofocusthenatJ'onalresearch
ponfolioITheconsultationsfocusonalong-termtimehorizon,arepre-competjtjvein
nature.andareusuaHyintherealmoftechnologypush.
Technology roadmaps generaly focus on an industry sectorratherthan on
technology.Consideringtheexampleoftheaerospaceindustry,theprocesssought
toidentj～pragmaucactionab一eitemsfortheindustryasawhole.Theroadmap
exerciseproducedalistof50enablingtechnologJeSthatwouldbenecessaryforthe
Canadianaerospaceindustrytobecompetjtjveintheperiod2001-2005.RecentJy,
anofRcewascreatedtohelpbringtheindustrytogetherforthebenefitofa".The
timehorizonhereisnotverylongandthetypeofinformationgeneratedmixesboth
competitiveandpre-competitivetypesofinformation.
Finaly,atthefirm level,technologyforecastsareusedtogenerateconcrete
actjonablestrategythatishighlycompetitiveinnature.lnthiscontext,thefocusison
developlnglnCrementaHmprovementstotechnologles,wherethetimetomarketis
quiteshort.
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Techno一ogyForesight
inSweden
■
Aprojectconductedjointlyby:
･ TheRoyalSwedishAcademyof
EngineeringScjences(lVA)
+ TheSwedishNationalBoardforlndustrial
andTechnica一Development(NUTEK)
･ TheFoundationforStrategicResearch+TheFederationofSwedishIndustries
0bjective
TheTechnologyForesightprojectaimsto
■
createunderstandingofandvisionsfor
Iong･termtechnolog]caldevelopment
■
(10to20yearperspective)inorderto
indicatewhatcourseeducation,research
anddevelopmentmighttaketopromote
thedevelopmentofSwedishsociety･
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Pointsofdeparture
TechnologICaldevelopmentisaffectedby:
■
. therenewalofscientificresearch,
∫
･ theprlceoftechnoJogy,
･ Changesinvaluesandatitudesin
society.
Pointsofdeparture
TheaimofTechnologyForesightisto:
● defineandassesshowresearch,the
pr暮CeOftechnology,socialvaluesand
｢1
atitudesaffectdifferentareasof
technology,
+ Hlustratethetechnicaland
organisationalpotentialopento
companiesandorganisations･
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Pointsofdeparture
TechnologyForesightw=discuss
howtheinterpfaybetweentechnical,
economic,institutjonalandsocia一
processescanbestbepromoted
inthelong-term.
AimsoftheSwedishTechnology
Foresightproject
■
●
●
Tostren9thenafutures一〇riented
approachincompaniesand
organisations･
Toidentifyareasofexpertisewith
potentiafforgrowthandrenewalin
Sweden.
･ Tocompi一einformationanddeslgn
processesforidentifyJInghigh-priority
areasinwhichSwedenshouldbuild
expertise.
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ThetasksoftheInterestGroup
･Toensurethatkeypressuregroupsin
Swedishsocietyareintegratedintothe
processofimplementingTechnology
Foresight.
･Toparticipateintheprocesstoappoint
panelmemberst
ThetasksofthefnterestGroup
｡To9eneratedeepcommitmenHoand
supportfortheTechnologyForesightY
proJeCththeirrespectiveorganisations.
'Toactasasoundingboardforthe
pane暮S.
'TohelpdJ'sseminateprojectfindings.
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Thepane一s-tasks
1.Todeterminetheframewor*oftheir
respectivefield.
2.Tofixschedulesanddeterminemethods.
3･TogatherinformationabouttechnologlCaJ
deveJopmentontheinternationalscene.
4･ToanalyseSweden'spost'ionJ'ntheir
respectivefield.
5･Tore一ateSweden'spositionunderitem4
toglobafscenan'oswhJ'Chhaveamore
immediatebeanngontherelevantsubject
area.
Thepane一s-tasks
~¶~~~~コ
6.Toformulatethepanersconsidered
JludgementoftechnologlCaJ
■
developmentinitsparticularfield.
7.Tocompileandanalysethatjudgement
withrespecttoeducation,researchand
development･
8.Toproduceafi-natreportsettingoutthe
panel,Svisionsforthefutureand
proposafsforpnoritiesandareasin
whichmeasuresshouldbetaken.
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Descriptionoftheas引9nment
t
JnordertofulfiJtheaimsandobjectives
oftheTechnologyForesL'ghtprojectthe
■
panelsshaHdischargetheirdutf'esin
accordancewiththefiveitemsJisted
beJow.Jntheirpresentationsunderthe
variousitems,thepanelsshalJdescribe
inparticu一arhowchanges,otherforces
andcommonconsiderationshave
shapedthepaneJ'schoices,conclusions
andproposals.
ThepanelslasslgnmentS
i
1. TodescribereJevantchangesandthe
deveJopmentofknowledgeinthenext
lOto20years.Selectkeyareasin
whichbreakthroughsmi9htbe
anticipated.
2. 日Iustrateopportunitiesandproblems
thathaveanimpactondevelopmentsin
Swedenandnoteaspectsthatshould
glverisetomeasuresinSwedent
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Thepanels■assI9nmentS
■
3･ShowhowSwedishexpertisecanbeutin'sed
andproposeimprovements.
4. Describemeasuresthatcanbetakennow
whichwouldimproveourprospectsof
achievlngthedesireddevefopment.
5･ Proposemeasuresthatcompaniesand
organisationsshouTdtaketomakefuluseof
thepotentiaJindicated.
Thepanels-assignments
■
1.Describerelevantchangesandthe
deveTopmentofknowledgeinthepaners
fiefd,andonthebasisofthisinformation■
selectthescientificandtechnologlCal
breakthroughs(keyareas)thatmayhave
adecisiveimpactonthepaneI'ssubject
areainthenext10to20years･
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｢
ThepanelsrasslgnmentS
2.Discussopportunitiesandproblems
whichthesechangesandbreakthroughs
mayfmPlyforthedevelopmentof
■
Swedishsociety,andindicatethe
opportunitiesandproblemsthatshoufd
glVerisetomeasuresinSweden･
Thepanelslasslg nmentSL｣
3.Demonstratehowtheexpertisewehave
inSwedencanbeused,andsuggest
howtheskinsandexpertiseweneedto
enableustotakeadvantageofthe
opportunitiesindicatedmightbe
developed.Alsostatewhatstepswould
benecessaWtoaddressanyproblems
thatmayarise.
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Thepanels■asslgnmentS
l■
4.DiscussothermeasuresthatcouTdbe
takennowtoimproveprospectsof
realisingthepotentia一indicatedand
whichmighthelptomovedevelopments
inadesirabledirection.
Thepane一s-asslgnmentS
■
5.Proposestepsthatcompaniesand
organisationsshou一dtaketoincrease
theirpreparednessandcapacityto
commerciafiselandutifisethe
technologlCalpotentialdescribed.
●
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Subjectareas
1.Health,medicineandcare
Biosciences,biotechnology,medical
technOIogy,Care
2.BiofogJCalnaturafresources
l■
ForestryandagrlCulture,wateruse,food,
paperandpulp,timberproducts,rawmaterials
forbio･energy
3.Communityinfrastructure
Housing,plants,cityplannfng,transport
systems,Togistjcs,distribution,regIOnaJ
deve一opment
Subjectareas
4.Productionsystems
Engineenngtechnology,industria一
manufacturingsystems,vehic一eenglneerln9
5.Informationandcommunications
systems
DeveTopmentofhard･andsoftware,tele-and
radiocommunications,computernetworks,
databases
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Subjectareas
6.Materialsandmateria一sflowsinthe
community
FunctionalmateriaTs,constructionmaterials,
extractionandprocesstechnologleS,reCyCfing
processes,chemicaJengJneerlng
7. Serviceindustries
Media,一eisure,trade,insuranceandfinance
8. Educationandlearning
Aspectstobeaddressed
' Ecologyandenvironmentalaspects
･ Economyandmarket
●Valuesandatitudes
' TheinterpfaybetweenpeopJe-
systems一mana9ement
' Informationtechnology,Computer
Systemsandmathematicaトstatistical
methods
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Aspectstobeaddressed
･Energy
･Multidisciplinarydeve一opmentin
scienceandtechnofogy
+Basicresearch
･RegJOnaJdevelopment
∵
Methods
･ Delphistudies ■
･ CriticaftechnoJogleS
･ Analysesofscenarios
･ Normativescenarios("backcasting")
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Communicationaspects
+ [nformationcommittee
･ speciaJfocusoncommunicationand
information
･ Openprocess-thewebsiteshould
seⅣeasafoca一pointinthetechno一ogy
foresightprocess
Mediaactivities
Theaims:
+N0-0neshouJddareadmitthatheorshe
isnotfamJliarwiththeTechnology
Foresightprojectoritsaimsand
objectives.
● PeopJeshouldfeelthatitisembarrasslng
nottobefamifiarwiththeTecf7nOlogy
Foresightproject-regardlessofwhether
theyworkinaresearchfaboratory,siton
acompanyboardoraremembersofa
politicalassemb一y
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Informationtar9etS
InformationactivitiesshalJ:
. djsseminateknowledge,experiences
andresultsgeneratedbythe
Technolo･gyForesightproJeCtinorder
■
toinitiatein-depthdiscussionandi
analys]softhepotentialand
constraintsaffordedbytechnologJCaI
■
development
Informationtargets
Informationactivitiesshalt:
｡ useanactivedialoguetodrawthe
playersandinterestgroupsintothe
TechnologyForesightprocess
arouseinterestintheknow一edge
processingeneralandinthespecific
workingmethodsemp一oyedbythe
variouspanels
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Informationtar9etS
InformationactivitiesshaI:
･ impartunderstandin9andvisionsof
futurefie一dsoftechno一ogyandthe
economic,environmenta暮andsocial
impactthesemighthave.
Hea托h,MedicineandCare
'Organization,themostcrucialissueinthesector
●HealthcarewHldeveloptoaknowledge-intensive
servicesectorratherthanapublicgood
'ThepowerofthepatientwjJll'ncreasedramaticaJly
'TheHealthcaresectorisfacingarevolutioninthe
useofJnformationtechnology
●ThegeneticrevolutionwiJItakeoffduringthe
time-period
'TechnoJogyandethicaJquestionscannotbe
separated
TedlnOlogyForesiglt,Tokyo200043187
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Thephys]calinfrastructureof
■
society
･Ageing,urbanizationandincreasingmobility
wiJIputharderpressureontheflexibilityand
marketadaptationofthesector
･PublicinteⅣentionw川decreaseleadingtoa
largetransformationofthesector
･TheuseofnewtechnologytncombinatI'onwith
marketorientationwiI]reducepressLJreSOn
transport,environmentandhoustng
･ThepoweroftheconsumerwJ'fIincrease
TechrlOIogyf=orysight.Tokyo200〇･03-07
SomeoveraHthemes
･Theknowledgerevofutionisahereto
stay
●Individuafisationofalindustrial
activitiesandincreasingconsumer
rJ
POWer
･GoodsandseⅣicesareintegrated
･Increasfngfocusonetics
■
∵｣
･Thehumanandthetechnologicalside
w川unite
TechrlOlogyForesight,Tokyo2000JI3-07
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GeneticengJneenng
fcrindustrlafapp一ications
Breederreactor
Fusionenergy
SdaTenergy
Biomas
Chips
Drgitalsound
FLdly拘 他日elephonenetwork
WireJesstek∋〆10ny
Bro8dbandnetworks
HoJograms
Compositematen'als
PowdertcchnoJogy
AmrphousTnelafsaridsemト0ndudors
Materialsrecovery
Medicalbiochemistry
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FORESIGHTFORRESEARCH,SC肥NCEANDTECHNOLOGY川
ACT10NINNEWZEALAND.
DRPAULREYNOLDS
THEM川ISTRYOFRESEARCH,SCIENCEaTECHNOLOGY,NEWZEALAND
Abstract
TheForesightProject,runbytheMinistryofResearch,ScienceandTechnology
inNewZealanddurJng1998/99,focusedonexploitingknowfedgeforourfuture
prosperityandweJトbeing,andourdevelopmentasaknowledgesociety.Rather
thanprojectingintothefuturewithassumptionsabouthowtodayworks,foresight
involvesconstructingavisionofadesirablefuture,.andthenidenti～ingstrategies
togetthere･ThroughtheForesightProject,majorlnnOVationcha=engesforNew
Zealandwereidentified.
lntroduction
TheworldeconomyJSUndergolngSlgnificantchange,Withfargreateremphasis
ontheabHitytocreate,store,distributeandapplyknowledge.ForNewZealand
thesuccessfuldevelopmentofaknowledgesocietywHlinvolvemovlngtO
systems,servicesandproductswithhigherievelsofvalueaddedbyknowledge.
Contextforpublic investments in RS&T is provided byRS&T:2010 The
Government'sStrategyforResearch,ScienceandTechnologytotheYear2010.
ThissetsouttheGovernment-sbroadvisionforRS&TinNewZealand.coverJng
boththepublicandprNateSector.Thevisionisbuiltaroundthreeoverarching
goals:
･ fosteringsocietalvaluesandatitudesthatrecognisescienceandtechno一ogy
ascrjticaltofutureprosperity;
' ensurInganadequatelevelofinvestmentinscienceasacomponentin
nationaHifewhichhascurturalvalueinitsownright;
･ maximisingthedirectcontributionofscienceandtechnologytodiversesociaJ,
economjcandenvironmentalgoals.
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lnordertoidentifythemajorchalengesNewZealandfacesinachievinga
societycharaderizedbyknowledge-一edinnovation,theMinistryofResearch,
ScienceandTechnologyintroducedtheForesightProjectin1997. Thetwo
broadgoalsoftheProjectwereto:
･ Encourage an ongolng Process OfstrategLc thinking across diverse
communities,asabasisfordeveloplngacoherentandforwardllookingview
ofneedsandopportunitiesfornewknowledgeandtechnologJCalchange.
･ Usingtheinsightsgained,developanewsetofprl0ritiesforcontractswithin
Government'sinvestmentinresearch,scienceandtechnology,totakeefect
inJuly2000,inordertocomplementthediversestrateglCintentsofother
investors.
TheProjectsoughttoestablishasharedsenseoftheknow一edge,skjls,
technotogleSandcompetenciesNewZealandw‖need,through:･Analyslngtheresearch,scienceandtechno一ogyrequiredtounderplnand
realisethestrateglcoutcomesandcompetenciesidentifiedbyvarioussectors.
･ Identifyingasetofnationalyrelevanttargetoutcomesandcompetenciesto
whichpublicinvestmentinresearch,scienceandtechnologywiJLcontribute.
･ Developlngahigh-一evelstatementthatsetsouthowGovernmentwilalocate
itsRS&Tinvestmentsinordertoachievethetarget outcomesandbuild
competencies,asweHasstrategleSandguidelinesforparticuJarinvestments
andagenciesinvolvedinmanaglngthem.
Awiderangeofself-OrganizLnggroupsacrossNewZealandwereencouragedto:
･ thinkstrateglCalyaboutfuturedirectionsfortheirsectors.,
･ identifytheirinnovationneedsandthecontributionsthatRS&Tcanmaketo
these;
･makecommlLtmentStOdevelopJngtheirowncompetenciesandresearch
capabilities.
TheForesightProjectprovidedaframeworkforthinkingaboutthesortoffuture
New Zealandwants,anddefinedthecontextfortheGovernment'sRS&T
investments･TheGovernmentinvestsinresearch.scienceandtechnologyto
generatenewinnovative,economic,environmentalandsocialcapacity.lnthis
way,the GovernmentunderplnSinnovationthroughoutaHsectorsofNew
Zealand.ltcannotworkiniso一ation-innovationmustbefocusedontheneedsof
end-usersIWhoseLives,environmentsandenterprlseswilbea斤ectedbynew
knowledgeandtechnologlCalchange
TheNewZeatandchalenge
Forthelast150years,NewZealand'seconomyhasbeenbasedlargelyon
wealthgenerated斤omourland-basedassets-andwehavebeengoodatit.But
inanageofglobalmarkets,globalcompetition.weneedtostartdoingthings
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diferently.New Zealandhasrespondedtochangesintheglobaleconomy,
includingdeclinlngcommoditypnces,theformationandbreakdownoftrade
barriersand protected markets,and the rapidevo一utionand dispersalof
informationtechnologleSbyopenrngitseconomyandincreaslnglyfocuslngOn
manufacturedgoodsandservices.Giventhesechanges,NewZealandisnow
facingthechalengetothinkbeyondhowwehavetraditionaHycreatedwealth･
Wemustfindnewideas,newwaystogrowLngOureconomy.Toachievethese
goals,NewZealandmustsuccessfuHyentertheageoftheknowledgeeconomy･
Thismeansamovetomoreknow一edgebasedtechnologlCalinnovation
ForNewZealand,thedevelopmentofaknowledgesocietywilinvolvemoving
towardssystems,servicesandproductswithhigherlevelsofvalueaddedby
knowledge. Wehavetochal一engeourthinkingaroundsomeofourmore
tradjtionaHndustriessuchasourbiologICaHndustries.Whyusealourdairy
cowsasmilkfactoriesonly?WhatabouttheoptionofdeveJopJngitasa
pharmaceuticaHaboratory.AkeyroleoftheForesightProjectwastochange
mjndsetsandtofostercreativityanddiversity.
PrivatesectorinvestmentinR&DinNewZealandisverylowJ'ninternational
terms(0.32%ofGDP).Notwithstandingthisfact,thebusinesssectorhasshown
apositiveshiftinitsR&Demphasisduringthelastdecade.Forexample,more
R&D JIsbeing performedbytheindustriesproduclng communicationsand
electronicequipmentandinstruments,and'lnthehightechmanufactunngsector.
However,forNewZeatandtodevelopfurtherasaknowledgeeconomy,theright
environmentneedstocreatedwherethewhoJeoftheprNateSectorthinksabout
itsbusinessdiferentlyandinvestsinR&Dtoenhancethecompetitivenessof
businessforachiev暮nglongterm outcomes.TheForesightProjectprovideda
frameworktofosterthiskindofthinkingbygetingendusersofR&Dtalkingto
thosethatdotheresearch.
Scenariosprovidedthebackgroundtotheproject
Theessenceofafores-Jght-basedapproachtostrategicthinkingaboutthefuture
istobeginnotinthepresent,butinthefuture.Foresightisnotcentralised
plannlng.Strateglc plannlng can often be bound by thinking based on
assumptionsabouthowtodayworks.Projectingassumptionsformedjnthepast
(e.gaboutljfestyles,customers,markets)intothefuturecanbeproblematic.The
foresightprocessatemptedtobuildapictureoftheresearch,scienceand
technologystrategiesappropriatefortakingNewZeaJandersforwardintothe
future.Jttriedtodescribesuccessfulpositionsinthefutureandapathwayfor
getingthere.Thisalowsforongolnglearnlngandanunderstandingofthe
particularscienceandtechnologythatisneededtoshapeadesirablefuture.
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ThreescenariosweredevefopedfortheForesightProject.Thesescenarois
were notpredictions,notplans,butstoriesto stimulate thinking･They
extrapolatedvarioustrendsthatalreadyexisted.Whichonesdidwewantto
accentuate?Whichonesdidwewanttoavoid? Abovea"else,Weneededto
lookatwhatwaspossible.andwhatwouldcreatethebestchancesofsuccess.
Thethreescenarioswere:
･ Possumintheg一are".NZcarriesonpretymuchwiththestatusquo･ltis
focusedoncommoditiesandtheneedtomaximisereturnsandincrease
eWICiencyofproduction.
･ Sharkroamlngatone..NZhasembracedaknow.edge-basedfuture.This
futureispredicatedontheabi一ityoftheindividua暮tosucceed.
･ NgaKahikatea...Theknowledgebasedfuturehasbeenembracedbutalso
includeselementsofnationalidentityandsocialcohesion.
Sectorstrategiesprovidedtheinputtotheproject
The"SectorStrategy"phasewチモakeypartoftheForesightProject･Sectors
wereself-definedandself-organlSlng.Thesestrategiescreatedaself-sustainlng
processoffuture-basedstrateglCthinkingthatitishopedwilHongoutlast
immediateneedstoprovideadviceonscienceandtechnologyprl0rities.
Theon-golngdevelopmentofsectorstrategleswiJlensurethatuserscontinualy
reappraisewhattheywantfromscienceandtechnology.Thisinturnmeansthat
userscanprovidefeedbackthatwilensurethatpublicinvestmentsinscience
andtechnologyremainefective.
ToassistsectorsinthedevelopmentoftheirstrategLeS,atemplatewas
developedwhichuseda"foresightframework"basedaroundfourkeyquestions.
Thesefourquestionswere:
llWhatisthesignificanceofyoursectorin2010?
2.Whatdoyouneedtodotoenableyour2010Position?
31Whatdoyouneedtoknow;whataretheS&Tbasedcompetenciesthatyou
need?
4.Whatistheinvestmentproposition;whoneedstodowhat?
Answerlngthesequestionsrequiredsectorstodefineavisionofadesirable
futurefortheJlrsector,whatoutcomesandcompetencieswl'lnecessarytoreach
thatvision,andwhatinvestments,bywhom.wjHberequired.
TheForesightProjectbroughttogetheradiverserangeofindividua一sandgroups
tofacilitatethinkingandideasaroundNewZealandlsfuture.twastherefore
criticalthatwehadane斤ectivetooltocaptureandmanagethelargeamountof
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information surrounding the ForesightProject, incfuding sector strategy
information.Jtwasalsoimportantthatthenetworksthathadbeenbuiltoverthe
diferentstagesoftheProjectbestrengthenedandexpandedtoenableForesight
tohaveacontjnulnglmPaCt.Tothisend,thelnnovationLink:2010databasewas
developed. ltisanonlinedatabasewhereanybodycouldgoinandsearch.
registerinterestintheForesightProject,andsubmitasectorstrategy.
Thepolicyresponse
TheGovernmentreleasedthe"BlueprintforChange"inMay,1999fo‖Owlngthe
Fo｢esightProject.TheBlueprintwasthepolicyresponsetotheForesightProject.
ltsetoutanewstrategic斤ameworktoachievethebestoutcomesform the
approximately$600mi"iontheGovernmentinvestsinresearch.scienceand
technologyeachyear.
Thisinvestmentframeworkprovided:
･ Asetofgoalstosetthekeydirections.
' AsetoftargetoutcomestoprovidethestrateglCcontextfortheresearch
supportedbyGovernment.
' AperformancemeasurementsystemTinkingRS&Tinvestmentstothegoals.
･ A setof"stewardship expectations"which characterised how RS&T
investmentsshouldbemana9ed.
Overal,thispo一icydocumentsignaHedashiR斤omanarrowfocusonhowmuch
theGovernmentproposestospendtoabroaderviewonwhatitwantstoachieve
throughitsinvestment.Thedocumentsignaledanemphasisshift斤om"funding"
to"investment".Thishasanumberofimplications:
･ Theneedforongolngsectorforesight.
● Aclearbcusonoutcomes.
･ Amovetonegotiatedpo什foliosofresearch.
｡ lncreased integration betweenGovernment'spnoritiesforresearch,the
investmentdecisionsthatare madeandevaluationofthe contribution
researchhasmadetoachievlngOutcomes.
Lessonslearnedandfuturedirections
TheembeddingofforesightthinkingthroughtheForesightprojecthasalowedan
evolutionary processto be putin placeto r'ncreasethe effectivenessof
Governmentinvestmentinresearch.lthaspromotedasystemsviewoftheLinks
from TnPUtStOOutcomes. Theprojecthasalreadydeliveredbenefitstothe
operationoftheRS&TsysteminNewZealand.Thereisabeterunderstanding
oftheneedforknowledgetounderpintechnologlCalchange.
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Theimportanceoftheprocessitse-f,quiteseparatelyfromanyspecificresults,
cannotbeunderestimated. A broaderunderstandingwasobtainedofthe
importanceofunderplnnlngresearchandofthepNOtalroleofpartnershipsand
networks.
Theresultingpolicyresponse斤omGovernmenthasemphasisedthesepoints,
Withnew investmentinbasicresearchandagreateremphasisonawider
innovationsystemapproachtothedesignofpolicyinterventions.
ThenewannualstrateglCreportingrequlrementPutinplacea稚ertheForesight
Prqjectseekstoembedongolngforesightaspartofarolingeva山ationand
prioritysetingcycle.
ThisrequrestheagenciesthatmanagetheGovernment'sRS&Tinvestmentsto
reportontheimpactstheirinvestmentsaremakingtowardstargetoutcomes.
Thereareslgnificantdifncultiesinlinkingmeasurableachievementstospecific
investments. Furthermore,itmaytakesometimebeforeclearrelationships
betweenRS&Tinvestmentsandoutcomescanbedefined.Nevertheless,Such
evaluationschalengepurchaseagents,aswelJasresearchers,toassesshow
theycancontributetoachievlngtheGovernment'sgoals.
Thesereportsw川addressarangeofquestions,inc山ding:
･ HowareweimprovngNewZealand'sabL.h-tytocreatenewknowledge?･HowarewestimulatinganentrepreneurialcuJture?
･ How areweimprovingtheinternationalcompetitivenessofNew Zealand
enterprlSeS?
･ How areweputingknowledgeandtechnologytoworkinNew Zealand
enterpHses?
･ Howareweimprovlngsocialwel-being?
･ Howareweimprovlngenvironmentalsystems?
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ChangesintheU.S.ApproachtoTeclmologyForesightandCritical
TechnologyAssessment
BmceDon
ABSTRACT:ScienceisbecomingincreLZSZ'ngLyinternah'onal･ManynaLt'on5nowCOnductsomejormof
technologyforecaSting･In1990Congressmandatedjor17u'ngaJ'Nah'OnaLCriticalTechnologiesPanel′tovoduce
aNationalCn'ticaLTeclmoEogiesReview･ItwasEodescribetheu･S･technologybase,highlightareasofconcern,
a17dconsiderStrategl'esforimprovement･
meS&TPolicyInstituteatRANDhassupportedthereviewas.partofz'tsmzlssion･Inthelatestbiennialreview,
wefoundthatu.S･industryviewsjvetechnologysectorsasrlmticaLl･'SoPware,.microelecEronicSand
teLecommunicah'on5,'advanαdma7mjTacturmg,'materialstechnologies,landSen50randimagiァgte(加otogies･
Wzenaskedwhythesewerecrih'cal,induSkyLeadersCOnVeyedtheviewthatthesetechnoLogleSWerenotWeL-
dejnedcommodihleSbutratherprovzdedthemeansjTorconveyz'ngadesirabletypeofPnctionalz-ty･Our
interactz'onwithindustryPersuadedusthattheLI･S･outlookmustwidenbeyondI.critical-'technoLogLeStOView
technologyasbothembeddedz'nlwgerprocessesandinhumancapital･
TofoILowupontheseI-nsights,EkeNahlonaLScience&TechnologyCouncilsponsoredaNationalSummiton
lnnovation･Itjocusedonthee7t7-rez'nnovation幽 1771eSummZ'Erepwtwz.Lrecommmdinitiative5tOimprove
theinnovatzon5y5tem･777isrevesent5aneWPameworkjTorpolicyandpLanning･777eLI･S･focusintechnology
jore5Z'gfztseemslikelytosfuPPomagovernmenttecfmologyassessmenttoanz'ndustl'yandgoueTnment
assessmenioftheinnovatz'onsystem･
As theexamplesinFigures1and2show′ScienceisbecomlnglnCreaSlngly
intemational′andindusbyisincreasinglycooperatingthroughintemational
technologyaliances･
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Figure 1-Increaseln lnternationallyco-authoredarticleさindicate
thechangingnatureofscience.
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Figure2-でhangeさininduさtrlalcooperatlveagreementsindlcatethe
increasinginternationaliZ:ationoftechnology.
InthisglobalS&Tenvironment,manynationsnowconductsomeformof
technologyforecastingasshowninFigure3･IntheU･S･,forecasting
orignatedinthe1980SwithConcernsaboutU･S･industryandmaybeseenas
partoftheglobal trend-butwithsomediLferences･
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Figtlre3-封anynationsnow conducttechnology foreca8tlng-
In1990theCongressmandatedforrnmga〟NatiOnalCriticalTechnologleS
Panel"ToproduceaNatz'onalCriticalTechnolog7'esReview･Itwastodescribe
stateofU･S･technologybase′highlightareasofconcem′andconsider
strategiesforimprovement･Butithadnoclearstatementofpurpose′
de丘nitons′oruse･Specificallyitdidnotanswerthefolowingquestions:
BWhatisacritcaltechnology?
･ Critcaltowhom?Onceidentifed,whatistobedone?
TheS&TPolicyIrutituteatRANDhassupportedthereviewaspartofits
mission･Createdin1992astheCritiCalTechnologleSInstitute,theS&TPI
missionisto:
･ helpimprovepublicpolicybyconductingobjective,independentresearch
andanalysisonissuesinvolvingscienceandtechnology;
･ provideanalyticsupporttotheWhiteHouseO比ceofScienceand
TeclmologyPolicy(OSTP)andotherExecutiveBranchofices′agencies
andcouncils;
･ toimproveunderstandingofthewaysinwhichtechnologicalefortcan
beterseⅣenationalgoals･
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ThelrutitutemayalsoplayaroleinamajordlangeintheU･S･approach
tedmologyforesight･
TheS&TPolicyInstitute'SinvolvementintheCritiCalTechologyReview
hasgrown･AstheInstitutedevelopeditscapabilties,ithasplayedamore
formativeroleinthereviews:
YearReport Role
1991 NCTRⅠ NotinVolVed
1993 NCTRⅠ HelpedorganizeNCTP
1995 NCTRⅠⅠ Organization,substantivecolation
Inthelatestreview,wewishedtoaddressissuesnotsufficientlytreatedin
earlierreviews･InadditiontotheCongressionalmandate,wewishedto
focuson:
●Whatz'sa′Crihcal′teclmology?
' Ifcritical,sowhat?
● Increasmgmclusivenessofviewsrepresented･
' Viewsofappropriategove-mentrole･
' SuLficiencyofthisprocessinachangmgenviror-ent･
Wealsowishedtoaddresssomelimtationscommontoforesightexercisesin
general･
' Magnifyingconventionalwisdom:"Tyra-yofthepresent･"
･ Ⅰlusionofcontrol:ifwecannameafuturewecancontrolit.
● DiLficultyofdealingwithinstituhonalinertia･
Wefocusedexclusivelyonindushy′dependingonseveralsources･
1)Firm-1evelininterviews.Wecarefulyselectedasamplebasedon血e
previousreviewandthenrefinedthistolistof80firms･Wedidinterviews
onnon-atributionbasisat39firmswithaprotocolaimedatin-depth
treatmentofissues.
2)Reviewofindusbysectortechnologyroadmaps･
3)Selectedconferencesonteclmologyinindustry･
Thequestion:Whatisacritz-cattechnology?producedsomeinterestinganswers･
Softwarewasmentionedbothbecausedeficienciescreatebotlenecksand
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becauseprospectivebreakthroughspromisequantumimprovements･
Microelectronicsandtelecorum血 cations′theothertwolegsofdigitization
triad,werealsocitedfrequentlyasJ'Critical･"Advancedmanufacturing
techologleSWerenotedas血 queincoplngwithlonger-termstructural
problems･MaterialstechnologleSWerealsocitedashavinggreaterpotential
thancurrentefortwouldsuggest･Final1y′sensorandimagmgtechnologies
recurredwithSurprlSmgfrequency:theywerecitedaskeystoenhmclng
systemsandproducb･
Butthequestion:TMy?elicitedasurprisingstory･Indushy′thekeytoU･S･
economicperformance,hadadifferentviewoftechnologythantechnologists
andpolicymakers･Technologywasnotawel-dehedcommoditypackage
butratherameansforconveyingadesirabletypeofftmctionality･Our
intervieweesusedthetermtechnologyassomethingmorelikeaverbthana
noun -i-ovation,notaninvention.Theyneededtechnologiesfor
separationandcomplexproductsystem(CPS)coordination･Inshort,
indushywasdescribingasystem′notafewkeytechnologies･
OurinteractionwithindustrypersuadedusthatourOutlookmustwiden
beyondcritCaltechnologleS･TheshiLtfromviewingteChnologleSaS
productstObemadeorconsumedtoabroaderviewoftedmologyasbo仙
embeddedinlargerprocessesandembodiedinhum ancapitalstemsfrom
realchanges′notjustshiftsinperception･Itincludesaconcemoverthestate
ofK-12educahonandtheresultingworkforceandconcemsovercapacityfor
machinebuilding･
Therewassurprisingunanimtyontheroleofgovemmentfromthe
perspectiveofsocietyandforthelongerterm:theindusbyleadersagreed
thatthegovemment'sconcemsdiferedfromtheprivateSeCtOr'S-e･g･energy,
theenvironment,livingsystems,neededtosupportofbasicresearch:theraw
materialofimovation,createaconduciveeTvirorment‥legal′regulatory′
commercial′andprovideleadershipandvislOn:e･g･′goodof丘ceson
standardsseting･
Thisraisedthequestion:twatnext?TheconceptofaNationalCritcal
TechnologiesReviewnowseemstoonarrowand血ereareconcemsabout血e
limtedpracticaluti1ityofpreviousreviews･Mostimportant,themostrecent
reviewsuggestedamuchbroadersystemwasbehindtheU･S･economic
growthandimprovementsinqualityoflife･
Asaresult′theNabonalScience&TechnologyCouncilsponsoredaNational
SummitonInnovationinNovember/December1999todiscussthebroader
concept･AsshowninFigure4,itwasamulti-partitediscussionincludingthe
publicsector′prlVateSeCtOr′anduniversites･
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Figure4}PatricipantSin theNationalInnovation Stm itcame from a
broadrangeofbackgrounds.
IthadaFocusonprocessthatresultsinsuccess,andaDesiretounderstand
entireinnovationsystem･
Thenationalsumi tbroughttogetherawiderangeofparhcipantsin the
imovationsystem･Thesumi taddressedbasicquestions:レⅥlatWOrks?
tw atshouldbejixed?
Somekeythemesemergedfromthesessions:Howtoimprovequalityofthe
workforce?Whatdataandinformationareneededforirnovation?Howto
effectcoordinationandharmonization?Howtoadd_ressconcernsabout
intelectualpropertyHowtoleveragemarketforces?Ⅰnfrastructureand
infrateclmologleSPlayakeyrole･Therearealsoconce-sabout
socioeconomicsandethics･ButoneoverarchingquestionwascO- ontoal1:
Howdoestheinnovationsystemwork,andhowdoesitaHecttheeconomyand
qualityoflzfe?
An alysisofthesumi tdeliberationsidenti丘edsixpriorityareasfornear-
termgbverrmentaction･
1･ ConductR&Dtohelpset血eagendaforimprovmgK-12educa山)n･
2･ Reviewandupdatelegislationafectingtechnologytransfer(Bayh-
Dole′Stevenson-Wydler)･
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3･ Createaclearinghouseforinformabonanddatarelatedtoinnovation･
4･ Reviewexis血gagencyleadershipandcoor血nabonm∝hanisms(e･g･′
NSTC)･
5･ Identifyandekminatebarrierstoinnovationtmdercu∬entregulatory
systeⅡ鳩･
6･ EstablishS&TcompetencylnagenCieswithforelgnPOlicyaLndtrade
mSSIOn5.
ThesestepsmayresultinChangestoU･S･policyandpla- gfortechnology
andscience.
Thesumi treportwilrecommendmedium -andlong-term ird也ativesto
improvetheimovationsystemfornewadmi tration･Itwilalsoinclude
considerationofeducation,regulation,information,andotheraspectsofthe
systemasweuasR&Dinvesbnent･
Thisrepresentsanewframeworkforpolicyandpla- g･Progressin
creatingsuchchangeislikelytobehalting･TheU･S･focusinteclmology
foresightseemslikelytoshiftfromanationalexercisetoanongoingindushy
andagencytechnologyroadmap′manydevelopedthroughindustry-
governmentpartnerships′othersthrough indushyconsortia･Coordination
inscienceasaprecursortOteClmOIogydevelopmentseemslikelytofocuson
afewmaJornationalirdtiatives′suchasnanotechnologyandhigh-
performancecompu血g･Existingagency-basedpla- gwillcon血uetobe
afactor,alongwithincreasedinterestin1mderstandingandusingbest
practicesforintemationalcooperationinscience･
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StatusandprospectsoftechnologyforesightinGermany
aftertenyears
Dr･KerstinCuhlsandDr.HariolfGrupp
FraunhoferhstituteforSystemsandhnovationResearch
BreslauerStr.48
D76139Karlsmhe
Gemany
gru@isi.mg連星
tel:*49(721)6809-156
fax:*49(721)6809-176
Abstract
Foresightprocesseshavebeenfurtherdevelopedduringthepasttenyears,usingdifferent
approaches.Theyarenotbasedonthenotionthatthefutureispredictable,butthatonecan
lookintothefutureandtry to shapethepredictablepaths.Thiscon-
tributiondescribesthedevelopmentofthenewforesightapproachesinthenineties
inGermany.New conceptsevolvedwithastrongerfocusonthecommunication
aboutthefuture,themotivesofpolicy一makerstoconductforesightandfirsteffects
ofthenew activities.Participationofthegeneralpublic,abroaderdefinitionof"ex-
pertise'andthenotionofnetworkingInsidethedifferentcommunities,bringlng
togetherinterdisciplinaryknowledge,arethemajorgoalsofthenew foresightproc-
esess･hthiscontext,theGemanHFUTURHisexplained.
1 NewForesightApproaches
Theendofthe20tbcenturyhaswitnessedtheadventofmanynew foresightmeth-
odsandcombinationsthereof.Mostoftheexperiencesinorganisedexperiments
applyingvariousforesightinitiativesconcemingfutureissuesinscience,technoト
ogyorsocietywereevaluatedasverypositive.Companiesmadeuseofthedata,themedia
publishedalargenumberofarticles,ministriesreflectedoncemoreabout
theirresearchpnorities,aJldaresearchinstitutionevenbasedan evaluationonDel-
phiresults(Cuhls/B血d/Gnlpp1998).
Inmostcountries,theactivitiesweresupportedbytheresearchministriesorother
publicbodies.Allforesightmodelstrytoimplementcommunicativeprocesses
whichintegratethedifferentactorsintheinnovationsystems.Mostactivitiesalso
attractedinterestofthegeneralpublic-eitherbecauseoftheapproachingyear
2000-0rbecausetheneedisfelttogainmoreinformationbylookingintothefu-
ture･Thetargetsofforesightactivitieschangedaccordingly･
Wh atis"foresight"?AccordingtoBenMartin(1995aandb),foresightis"thesys-
tematicatempttolookintothelonger-ten futureofscience,technology,theecon-
omyandsociety,withtheaim ofidentifyingtheareasofstrateglCresearchandthe
emerglngOfgenerictecbnologleSlikelytoyieldthegreatesteconomicandsocial
benefits".Thisdefinitionhaswidenedinthemeantimetoincludenotonlytechnol-
ogyforesight,butalareasofthehumansociety.
Therefore,foresightisconductedinordertogalnmoreinformationaboutthingsto
comesothattoday'sdecisionsaremoresolidlybasedonavailableexpertisethan
before･Foresightisnotequaltoprognosisorprediction･Implicitly,itmeanstaking
anactiveroleinshaplngthefuture.Apossibleresultmaybethatourexpectations
oftodaymaybefalsifiedinthefuturebecauseofre-orientation.Fomeratemptsto
planthefutureortodevelopheuristicmodelsofthefuture(inthesenseoffuturoll
ogy)Werebasedontheassumptionthatthefutureispre-definedasalinearcon-
tinuationofpresenttrends(Linstone1999,Steinm山ler1995,Flechtbeim 1968,
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Helmer1966).Theseapproacheswerenotregardedassuccessfulbecausetheywere
toosimplified.Someofthem includeddifferentvariablestomatchthecomplexity
ofthedynamicsoftheactualsocial,economicandtechnologicaldevelopments,but
thiswasalsoinsufficientfrom theprognosispointofview.Nevertheless,someof
thesestudiesevokedavividdiscussionaboutthefuture(e.g.Meadowset.Al.1972,
Forrester1971).
Thenew approachesinforesightcanhavemanyobjectives(Cubls1998).Ⅰnthe
contextofpolicy-making,themostimportantare:
4 tOgetalargerchoiceofopportunities,tosetpnoritiesandtoassessimpactsand
chances,
● toprospecttheimpactsofcurrentresearchandtechnologypolicy,
J tOfindoutnewdemandandnewpossibilitesaswelasnewideas,
+ tofocusselectivelyoneconomic,technological,socialandecologicalareasas
welastostadmonito血ganddetailedresearchinthese丘elds,
+ thedefinitionofdesirableandundesirablefuturesand
+ startlngandstimulatingcontinuousdiscussionprocessesI
Inreality,mostareasofthefutureunderlieconflictinginfluences,whichatpresent
cannotbeassessedfuly.Onlysomestructuralpartsorfram eworkconditionscan be
understoodorpartialyinnuenced.IftheknowledgeinsystemsanalysistheorylS
alsotakenintoaccount,themutualinfluencesofsystemsandrulesinwhichthe
actionofmankindisembeddedmustalsobereckonedwith.Anuncertaintywas
perceivedinfuturesresearchwhennew experiencesofthechaostheoryemerged
(SteinmuIer1995).Thenew thOughtsthatemergedinthenineties(startingwith
Irvine/Martin1984)didnotstatethatthefuturecannotbeinfluenceddirectly,but
madeclearthattheinfluenceonfuturedevelopmentsisstrictlylimitedandthatthe
impactscanonlypartialybeestimated.Nevertheless,thefuturecanbe"prospec-
tivelymonitoredM.Theacceleratingchangesthatapersonhastoadapttosocialy
andpsychologlCalymakeitnecessarytoanticipate.thesechangesbeforetheybe-
comereality(Helmer1967).
Duringthelastyears,foresightstudieswereperformed,especiallylntheUSA,Ja-
pan,France,ItalyandGermany,thatdealwith "CriticalHtechnologies(foran over-
view,seeGrupp1995and1999).Theyalfoloweddifferentapproachesanddiffer-
entqualityparameters･EventhedifinitionofHcriticalMdiffers(Bimber/Popper
1994)･Thiskindofforesightstudywasmainlyappliedtosetpriorities.IntheGer-
mancase,oneaim ofthestudyon…TechnologyattheBeginnlngOfthe21stCen-
tury"wasalsotoprovokean intensivedialoguebetweensixoftheprojectagencies
oftheFederalGemanMinistryforeducationandResearch.
Onlyalimitednumberofpeoplewereinvolvedintheseprojects.Thiswascriticised
especialybythemediaandnon-expertorganisations,sothatdecisionmakersare
now tryingtoinitiatelargerforesightprogrammes.Cu汀ently,theUnitedKingdom
isoneofthecountriesthathaveexperiencesinlargerscaleforesightactivities.
Similarapproaches,butwithfewerparticlpantS,CanbefoundinSouthAfrica
(1997pp)OrHungary(1998pp).Inthesecases,theusefulnessliesinaconsensual
priolity-setlngandacommunicativedialoguewithoutthelimitsofsciencefieldsor
disciplines.Theonlycountrywithalongercontinuoushistoryofforesightupto
now isJapan.InJapan,foresightisconductedondifferentlevels,butthereisnot
theonestrategicapproach(Cuhls1998).BasedontheexperiencesoftheScience
andTechnologyAgency,thefirstexplorativeattemptstoapplytheDelphimethod
hereinEuropeonalargescaletookplaceinGermany.SouthKoreaandFrance
(andpartlyalsoGreatBritain)looselyorientedthemselvesalongtheselines(Grupp
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1999).Theseforesightprojectswereimplementedinamoreself-organisedmanner,
e･g･bytheuseofforesightdataforstrategicPlannlngOfcompanies,SetlngPnOri-
tiesinresearchprogrammesorasbasisdatafortheevaluationoftheFraunhofer
Society(foranoverview seeCuhls/Grupp/Blind1998).Amorelimitedapproach
entailslessfinancialriskandmightthereforebeadequateforsmalercountries･
Manyforesightmethodshavealreadybeendevelopedtolookintothefuture･They
rangefrom extrapolationsviacomputersimulationstocommunicativeprocedures
likefutureconferences,scenariosortheDelphimethods.Amongtheclassical
repertoireofmethods,amethodmixseemsmostpromising.Notonlyquantitative
butalsoqualitativemethodswithastrongcommunicativeeffectareregardedas
usefulandarebecomingmOreandmore"fashionable".
OneofthemajormethodologleStOStructureaforesightdiscussionistheDelphi
approach-asalreadymentionedabove.HDelphi"asamethodwasinitialydevel-
opedbytheRAND Corporation(SantaMonica,Califomia)(CordonandHelmer,
1964).ThebasicideaofaDelphisurveyistointerview expertsonasetoftopics(in
thecasethatwilbepresentedhere,dealingwith maJordiscoveries,technicalinno-
vationsorlargediffusionoftechnologies).Thesetoftopicscan begeneratedbythe
expertsthemselvesorelsewhere.Theaim isnotonlytocolecttheroughoplnlOnS
ofexpertsoncertain future10rientedtopics,butalsotogeteachexperttoreacttothe
generaloplnlOnOfhispeers･1Asetofquestionsisassociatedwitheachtopics,Such
astheestimateddegreeofimportance,theexpectedtimeofrealization,thetypeof
constraints,theneedforintemationalcO-operation,etc.theprocedureconsistsofa
minimum oftwostages.Theresultsofthefirstphase(orround)arefd backtothe
expertsduringthesecondround,inordertoprovidethem withanopportunltytO
changetheironglnaloplnionor,onthecontrary,tosticktoitandexplainwby･h
designlngtheinqulrythisway,01afHelmarandhiscoleaguesattheRAND Cor-
porationintendedtoavoiduncontrolledpsychologlCalinterferenceamongtheex-
perts.
Themethodbecamepopularwhenappliedtoalarge-scalenationaltechnology
forecastinthe1960sintheuS.A.(Helmer,1983;GordonandHalmer,1964).But
ifweobseⅣethegeneraluseofthemethoduntilthepresentday,itcanbeseenthat
thediffusionofDelphiproceduresworld-Widehasbeenlargelyconcentratedinthe
areaofstrategicmanagementOfbigfirmSandorganisations.Toilustratethepolnt:
whenDelphiquestionnairesofthenational inqulryWereSenttOexpertsfrom firms,
publicresearchorganisationsandadministrationinGermany,thefirms'experts
wererevealedtobetheleastsurprisedandleastcriticalabouttheprocedure(but
thisdosenotimplythattheyansweredmorereadily,forstrategicreasons)IInthe
U.S.A.,wherethemethodwascreated,inmorerecenttimeweonlyknow of
smaller-scalestudieswereappliedatfirm orinstitutelevelafterthefirstlargepub-
licexperienceofthesixties.
Foresight,therefore,asaprocessmaystartwithonemethod(e.g.theDelphi
method):expertsandpersonsfrom differentdisciplinesorbackgroundsarecon-
tactedandaskedtothinkaboutthefuture.Theyalsohavetowritedowntheir
thoughtsandnotonlytakethisknowledgewiththem butdiffuseitandprovoke
1A pragmaticmethodologlCaldescnptlOnOfDelphiwaspublishedbytheFederal
MinistryofResearchandTechnology(BMFT,since1994withtheacronym BMBF)
(definitonoftheFraunhoferInstituteISI,whichwastheoperatoroftheGemanDelphi
suⅣey,seealsoCuhls1998):"AsuⅣeyamongexpertsintwoormoreroundsinwhich
fromthesecondorlaterroundstheresultsofthepreviousonesareincluded.nereforethe
expertsjudgefromthesecondroundundertheinfluenceoftheotherexperts'oplnions･The
Delphimethodisarelativelystronglystructuredcommunicationprocess
inagroup.Duringthisprocessthosefactsareassessed,forwhichthereisuncertainty
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actions.TheassumptlOnisthatsynergyeffectscanoccur,whichmeansthatthe
knowledgeofseveralpersonscontainsatleastasmuchinfomationastheknowl-
edgeoftheslnglepersonsinsum andthatthismutualknowledgeexchangeisfruit-
ful･Groupdiscussionscanbeespecialyhelpful,becauseendorsingagroupdeci-
sionbyyourselfismoreinfluentialthanjustbeingconvincedbyanotherperson.
Therefore,amixtureofmethodslikeco-nomination(Nedevaetal.1996),inter-
views,availableaddressdatabases,tradefairlists,publications,conferenceor
workshopparticipationindifferentfieldsarenecessary,aswelasthemobilisation
ofpeoplewhoarejustinterested(teachers,students,technologytransferpersonnel,
etc･).itisespeciallynecessarytoinvolvethe"non-experts"whoareinterestedandmotivated
inbringlngintheir-oftendifferent-thoughts,especiallyabouttheappli-
cationofthesophisticatedideasexpertsoftenhave.Therefore,theymustbeplaced
inthepositionorsituationtobeoractas an expert,butalsotomakeuseofthetacit,
implicitorhiddenknowledge(Polanyi1985)ofpeopleingeneral.
Butwhoshouldbeinvolveddependsontheaim oftheforesightactivity.Ⅰfitisa
specialfield,mainlyspecialistsareinvolvedasHexperts",asotherstakeholders
wouldnotunderstandthemattersufficiently.Iftheforesightapproachisbroader,
thegeneralorinterestedpubliccan alsobeinvolved.Theymightbeabletojudge
theapplicationofadevelopmentJustaSWelastheexpertsalthoughitisdifficult
forthemtounderstande.g.technicalspecifcations.
Thenew foresightconceptaredesignedratherasafacilitatlngfactorforcommuni-
cationaboutthefuturethan "findingoutthetruthaboutthefuture"-asconceptsin
thepastoftentriedtodo.Therefore,thedefinitionofexpertiseisgettingmuch
broader.Amajortargetistoinvolveenoughpersons,tomakethem communicate,
findouttfthereisconsensusornot,andcreateacertaincommitmentforactivites.
Thenew GermanforesightactivitylSprocess-Oriented.Ittakesintoaccountthe
intemational experiencesinthepasttenyearsandmakesuseofamixofmethod-
ologies･Theprocessiscaled…FUTURM(theLatinwordforルture),wasstartedin
1999andisplannedtobecomeamoreintegratedprocessthatnolongerseparates
thedifferentforesightdimensions.Untilnow,inalcountries,thestudiescentred
mainlyonscientific-technologlCalquestionsandinnuencedthediscussioninthe
otherareas.ThemesandtoplCSinFUTURshallthereforebebroaderandinclude
dimensionslikeeducation,ethics,socialquestions,employmentandeducationpoト
IcyOrreSOuI℃eallocation.
Differencesinthevariousforesightapproachesresultalsofrom thesponsorshipand
institutionoperatlngthestudiesorprocesses.Ⅰnmostcases,theresearchandtech-
nologyministrysponsorsforesightactivitieswithintheframeworkofa"pro-
gramme"anditonlypaysextemalinstitutionsforselectiveadditionalstudies.Min-
istrieshavemorepowerandthereforebeteraccesstothedifferentstakeholdersh
theinnovationsystem.Therefore,thecentralitylntheorganisationofaforesight
processseemstobean advantage.Butitcanalsobeadisadvantagebecauseofa
lackofcapacityandexperienceintheorganisationofsuchlargeprojects.Butoften
"moreneutrality"isaskedfor.
Duringthelastyears,theDelphimethodanditsvariationsgainedsomeattention
andwerefurtherdevelopedinordertoletthedifferentactorsintheinnovation
arenapartlCIPateinlookingIntothefuture.Alltheseparticipantsareexperts-a1-
thoughsometimeswithadifferentpolntOfview･Andthisisthestartlngpointfor
therathernewexperimentsinsomecountriesinvolvingmoreactorsthan only"ex-
perts".
Thenew foresightprocessesalsodonotonlylookoutfortechnologleSandscien-
tificdevelopments(althoughthesearemajordrivingforces)butlookatdemograph-
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ics,society,economics,theenvironment,politics,culture,andsoon･Thewhole
rangeofthemeshaswidened,thusmakingforesightmorecomplexandcomplicated･
TointroduceastnlCtureintothepuzzle,tokeeptheoveⅣiew,toselectthedifferent
partsandpathsinmoredetailandthenre-fitthem intothewholeisadificulttask
whichisoftensolvedbyusingamixofmethodologleS,e.g.scenariosincombina-
tionwithsuⅣeysorDelphistudies.
2 ForesightActorsinGermany
lnmanycountries,theexistlngmethodsarealreadyveryweldeveloped,e･g･the
scenariosintheirdifferentways.Delphistudiesorsimulationsaregetingbeterand
beterwith theincreaseofcomputercapaclty,butthelinktosocietylSOftenmisslng･
Otheractorsininnovationprocessesaremuchmoreusedtoapplyingdataandin-
formationsothatitisnoproblem forthem todealwithforesightstudies･Someex-
amplesfortheuseoftheGermanDelphi'98are:
Companiesareusingforesightdatafortheirownstrategicpurposes(Cuhls/Blind/Grupp
1998).Theyanalysetheframeworkconditionswhicharespecifictothem in
asteadilycbanglngenvironment,forexample,acompany-specificanalysiscanbe
madebasedonasetofDelphiresults.ThetechnologleSOrOtherdevelopmentsthat
arerelevantareselected,thedatacalculatedandinterpretedinthefirm-specific
context(Foresightformsastronginstrumenttogetherwithadditionalinformation
ondetailedproductsordevelopments,oncompetitorsorpotentialc0-Operation
partners).
Nationalforesightdoesnotgointotoomuchdetail,butstopsaHhepointwherea
marketableproductistangled.Intra-Companyforesightcanfilthisgap,butisnot
thetaskofthegovernmenLTheframeworkconditionsandbroadercontextsare
givenforsmall-andmediuin-Sizedenterprises(SMEs),atleastTheproblem hereis
thal佃eyoftendonoでkmw thatthe一argenationalstudiesexhtoThow togainaCI
cesstothem,eveniftheydoknow aboutthem,thecapacltyforownanalysュsOr
furtherfirm-internalforeslghtisoftenmissing.Nevertheless,foresightisalso
neededinSMEs.
Researchinstitutionsanalysedtheirstrengthsandweaknessesbasedonforesight･
Researchhasalwaystodowithfuture(S),sobasicl･eSearChalsohastobeawareof
whatisgolngOninotherlaboratoriesandtakealoptionsintoaccount･Oneexam-
pleofapre-evaluation istheFraunhoferSocietyin 1998･During
theevaluationofthesystem,anindependentintemationalcommitteewasfounded･
ThecommiteeatfirstanalysedthedataoftheDelphi'98anddevelopedasetof
criteriawhichtheFraunhoferSocietyhastomeettofu]filtheirdeclaredobjectives,
e･g.todoappliedreseamhrelevantfortheeconomy.
Then,astrength-weaknessanalysisfollowed,tofindoutinwhichfieldsthe47
institutesareactiveatpresentandiftheyarepreparedtodoresearchand
developmentinthefieldstheDelphi'98identifiedasrelevantforthefuture(an
indexwascalculatedforthis).Withthisapproach,over-aswelasunder-Capacities
incertainfieldscouldbeidentified.Conclusionsweredrawnonwherenew
capacitiesarestrategicalynecessaryorwheregapscanbeleft(Cuhls/Blind/Grupp
1998).
National,regionalandcommunalpolicycan alsomakeuseofforesightapproaches,
beitasastrength-andweaknessanalystsliketheonementionedabovefortheir
researchprogrammes,Orbeitforidentifyingpriorities(likethecompaniesdo)･
Priorlty-Setingisnecessarybecauseofshrinkingbudgetsineverypolicyfield･
Butpolicyalsoneedsthecommitmentofalstakeholdersinthefields.Itcanbe
veryImportantforpolicy-makingtofindoutifthereisconsensusoraconflictpo-
tential.
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As themajorsponsorofnationalforesightprojects,thegovemmentalsocontributes
byprovidingthedatatoallthosewhocannotdoforesightstudiesontheirown:
smal1andmedium-sizedenterpnsesorthepublic.
Amajorproblemforpolicy-makersisthatsuccesscannotbemeasureddirectly.Thereareno
criteriatomeasurethesuccessofforesightuptonow.¶leevaluationsmadeuntilnow(likein
the UK) are evaluation studies based on the question
whetherforesightmeetsthetargets-buttheycannotmeasurethedynamicswhichforesight
pIpCeSSeSSetinmotion.Tocountrealisedtechnologies(血efbr∝astingaspect)isnotfeasible,
because the not-realized projects are also a success ifthere
wasactivitytopromoteorhindertheseasaresultoftheforesightprocess(Kuusi
1999)･TheoldexampleofDeJouvenel(1967)verywelilustratesthis:Onefore-
seesgetingwetwhenitrains･Thiscanbepreventedbytakinganumbrela.The
forecastthereforeisafailure-butforthepersontodoitandreactonit,itisasuc-
cess.
MediaarealsostakeholdersintheprocessofdoingforesightorJustdifusingtheinfomation
aboutit･Especiallyasanew centuryisapproaching,themaglCOfthe
number2000makesthemediaawareofthefutureandfuture-relatedtopics.The
mediahavenotbeendirectlylinkedtoorintegratedinmostofthefbresigbtactivi-
tiesbeforenow.Thatwilchange(seebelow).Butjoumalistsareindependent.In
democracies,theyandtheirwayofreportlngOnprocessesandfactscannotbedi-
rectedbythegovemmentornationalinstitutions.Thismeansthattheyhavethe
freedomtopublishwhatevertheylike.
InthefirstGerman foresightprocessof1993,themediafocusedatfirstmainlyon
curiositieslikethe"baby-siterrobot".ThejoumalscriticisedtheDelphiapproach
ingeneralbypickingouttheHtypicalJapanesevisions".Thesevisionshadnothing
todowiththeapproachitselfandtheHtyplCalJapanesevisionsMwerejudgedcon-
troversiallybytheGermanexpertsandsometimeseventheJapanesepartlClpantS
(e･g･the1,000m highskyscrapersortheartificialmarinewastedisposal sites).But
afterawhile,themediaalsoreportedinamoredifferentiatedmanner:SomeDelphi
topicsWereSingledoutanddiscussedthatcouldbecriticised,otherswerewel-
comed･Theapproachassuchgainedmoreandmoreattention,sothat,whenthe
reportDelphi'98waspublished,nearlyallargenewspapersandjoumalsreported
moreneutraly.Themediawereagoodmediatorindiffusingtheinformationthat
foresightdataareavailable,sothatalinterestedparties(from companiestostu-
dents)gottoknowaboutDelphi'98.
Thegeneralpublicwasonlyinformedbythemediaorpresentationsaboutthepro-
jectuntilnow.Foresightassuchremainedthetaskofexperts.Buttherewereof
courseinterestedpersonswhoaskedforabetterparticlpationinforesightap-
proachesandwhoarereadytocontributetotheshapingofthefuture.Manyofthese
peopledoubtthatexpertsreallyknow what"societyHinfactneedsorwants.Ⅰn
technologyforesight,thismeansespecialyashiftfrom the"technologypusbMap-
proachestothemoredemand-driven"technologypulM.Butwhorepresents"soci-
ety"?theproblem remainstodefinewhoisabletoparticipateinsuchprocesses,
whohasenoughknowledgetounderstandtoplCSOrquestionsandwhoisableto
judgeinamoreobjectivewaythanjustbysubjective"emotions".
Thisleadsimmediatelytothequestion:VnlOisan "expert"?Wh ocan partlCIPatein
foresightactivites?CanHnon-expertsMalsocontributetothisdiscussion?
Manyforesightstudiesuptillnow werebasedonDelphistudiesorpanels(expert
groups)･Bothconceptsinvolveonly"experts'.Butlookingatthesestudiesinmore
detail,non-expertswerealsoinvolvedastheparticipantsalsoanSweredquestionsin
fieldswheretheyhadlitleparticularexpertise.
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IntheJapaneseandGeman Delphistudies,amongothers,forexampletherespon-
dentswereaskedforaself-estimationofexpertise,whichwasdefinedaccordingto
thefolowingcriteria(seeCuhls/Kuwahara1994):
+ highIThisappliesiftheexpertisactivelyworkingonthespecifictopicOr
equivalenttopicsinthefield(includingliteratureresearch).Thisistheownfield
ofwork.
+ mediumIThisshouldbechoseniftheexpertinthepastworkedonthethemeor
inthefield,Orwhentheexpertiscurrentlyreadingpnmaryliterature,butnot
workinginthis丘eldanymore.
● low/nisshouldbechoseniftheexperthasreadarticlesinnewspapersorJOur-
nalS(secondaryliterature)orisindiscussionwiththeappropriateexpertsinthe
field.
● noneITTlismeansreallynoknowledge.Thosewhotickedthiswerenotaskedto
answerthistoplC･
Astheself-estimationwasnotregardedassufficient,intheBritishDelphistudya
co-nominationprocesswasconductedtoselecttheexperts(Nedevaetal.1996)by
makingthecoleaguesinthefieldrecommendtheexperts.Theproblem hereisthat
thescientificcommunitiesareveryself-contained.NewcomersorHoutsiders"With
anuncommonopinionarerarelyr∝ommended.TheideaofKuusi(1999),tomake
detailedinterviewswiththosewhoclaim tobeexpertsisaverylntereStlngidea,but
notpracticableinlargeprojects.
IntheGemanDelphistudies,themajorsourceofaddresseswerepublicdatabases,
publicationstradefairs,andassociations,plusmanyotherdifferentrecommenda-
tions.Setsofrelatedcriteriawereworkedout(e.g.belongingtoacertainfieldof
scienceandtechnology,regardedtobeanexpert,involvedinresearchanddeveト
opmentorsomethingsimilar,theyoungerthebeter,toincreasethenumberoffe-
malepersonsinthestudy).Bytelephoneitwascheckedifthepersonswouldrealy
meetthecriteria
Butthisisnotenoughtosecurethegoodqualityofthesample.Also,thecarefulyselected
expertscannotbeHhighlevel"expertsforawholetechnologicalfield･In
theJapanese-Germancomparison,itcouldalsobefoundthattheJapaneseexperts
systematicalyclaimedahigherexpertisethantheGermans.A _reasonforthiscan
bea"beterMpre-selectionofexpertsinJapan.h Japan,inordertoincreasethere-
sponserate,apostcardwassentinadvancetoaskifthepersonwouldliketopar-
ticlpate.ButwhensomeoftheGemananswerswerecheckedindetailandbyname,
itcouldbeobservedthatGermanexpertssystematicallyunderstatedtheirown
knowledgebecausetheyregardedthemselvesasexpertsforthepresent,butdoubted
theirexpertiseconcemlng"thefuture".
3 NetworkingandParticipationinForesight
lntheGemanforesightactivities,theneedisnow felttoinvolvemorelaypersons･
ThepartlCIPationofalstakeholdersintheinnovationsystem isregardedasneces-
sarytofindoutifthereisconsensusorconflictinthedifferentfuturefields,because
thedifferentactorsregarddifferentaspectsasmoreimportantthanothersorlookat
thematerfrom differentangles.Asoneobjectiveofforesightisthecombinationof
differentkindsofknowledgebythec0-Operationofdiferentactors,itwasalsode-
siredtoinstalopenhtemetpageswiththepossibilityofgivlngCOmmentS.
Additionaly,the"objective"estimationsfrom scientificstudiescanbeseenmore
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Criticaly.Subjectivecareerexpectationsofthedifferentgroupsofscientistsplaya
verylargerole-especialyforinnovations-andshouldthereforebecontroledfor
intheassessments.
Participationisalsorelevantfortheunderstandingoftheresultsofaforesightactiv-
ity･AllpartlCIPantSShouldfindtheirviewsrepresentedsomehow･Thiscreatesthe
expectationthatutberationalityaswelasthelegitimacyofpoliticaldecisionscan
beimprovedM(Hennen1999,S.566).Itcreatesadifferentstimulustopublicdis-
cussions,especialyiftheseareconductedtransparently(inthecaseofFUTUR,by
publicationofthematerial,possibilitiesofparticipationviathelntemet,aJOumal
andsoon),sothatasensitisationofthedifferentactorsandthepublicconceming
tecbnologlCalsocietal,economic,politicalandotherimpactsmayfollow･Ⅰnthis
way,foresightprocessescan alsodetectinwhichfieldsconsensusalreadydoesor
doesnotexist,sothatinthesecondcaseaconflictpotentialcan beidentifiedin
advance.
Thesekindsofleaningprocesseswerealreadydesignedinexperiment,e･g･in
discursiyemethods.Discursiveapproachesmakeformorerationaliseddiscussions,
becausetheyfocusontheneedtoprovidearguments.TheyIntroducereasonsasa
standardofpolitcaldiscussion.Therefore,theycorrectthestrategic(party)intellec-
tualityandargumentativepropagandawhichiscommoninthepublic(massmedia)
confrontations(Van denDaele1996,129;alsovan denDaele1994,111ff,andvan
denDaele1997).Asdiscursiveleaningprocesses,mediationmethodsarealsoused
inenvironmentalpolicy(seee.g.WZB-Miteilungen1997;examplesandconceptional
discussionsalsoinKoeberle/Gloede/Hennen1997).Discursiveapproaches
shouldthereforebeexaminedbyforesightteamswiththediferentmethodologleS･
Thesenew approachesarealsotrylngtOputthegeneralpublicinthesituationof
beinganexpert;consumersespeciallyareimportanttoevaluateinnovations･This
takesintoaccountthatcompanieslistenmuchmoretothedemandsoftheircustom-
ers,becausetheysometimeshaveotherwishesthanthosedevelopedforthem by
expertsinthelabs.
Theproblem hereisstiltheselectionofthoseprivilegedtoparticIPate･IntheGer-
manFUTUR,specialatentionisgiventoalkindsofteachers(indifferenttypesof
schoolsanddiferentfaculties),foran optimalmultipliereffect.As foresightwilbe
relevantforfuturegenerations,Studentsinparticularwilalsobeaskedtopartici-
pate.Acertainknowledgelevelwilneve血elessbeapre-condition.
Inaforesightprocess,thegovemment,ortheMinistryforEducationandResearch
(BMBF)intheGermancase,Canimplementapolicywhichrelievesthegovem一
mentbyinvolvingmanyactorsaswelaspromotingan"activesocietyHinwhich
theimportanceofasystemicinteractionbetweentherelevantactorgroupsisin-
creasing,asareactiontodeepeninginterdependentrelationshipsinsidethepolicy
arenas(healthpolicy,highereducationpolicy,industrialsectorpolicy)(Messner
1995).AlreadyEtzioni(1969)describesthatcolectiveknowledgeandthereforethe
efficientperformanceofalactorsinsocietyandtheircapabilitytoexchangeinfor-
mationresultinasteeringresourcesimilartopowerormoney.Thestategains
powerbybeterlegltlmationsoftheirdecisionsfolowingItsinitiativesforfacilitat-
ingdebatesaboutpotentialfutures.
Accordingtoitsdefinition,foresightisorientedtowardsthedecisiontogoincer-
taindirections.Therefore,itisaspecialchalengetoco10rdinatethedifferentactors
insuchawaythatboth,policy-makersandsocio-economicactors,areabletoper-
ceiveanadvantage.Oneoftheobjectivesofforesightisthereforetobuildupon
existingorcreatenewnetworksaslivelyunitsandtoactivatethem.Thesenetworks
cannotbesteereddirectly,butcanonlybemediatedindirectly･Oneoftheconnota-
tionshereisHDistributedlntelligence'(seepicture1)(Kuhlmannetal･1999):Dif一
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ferentactorsinthenetworksandthearenasofresearchandeducationpolicymake
useofthemoreorlessHintelligentMinstmmentsandinfomationfortheirstrateglC
futureplannlng･Theactorgroupshaveverydifferentvalueorientationsandimages
ofthefuture･ThesehavetobeinterrelatedinordertofacilitatejointstrateglCuse,
butnottobringthem intothesamestructure･ThiscanbeorganisedonaJolntPlat-
form,onwhichcontroversialdisputesaswelasconsensuscan besought,buton
whichstilthediferentFOOtSOftheconceptsremainvisible.
Picturel:
Distributedlnte川genoe
Itisverydifficulttobringthediferentactorsintheforesightprocesstogether.One
reasonarethedifferingInterests,theothersarelanguageandinformationbarriers
(e.g,"thepublic"oftendoesnotunderstandthespecificvocabularyofscientists,or
scientistsfrom differentdisciplinesdonotunderstandeachother).Theidentifica-
tionoftheactors(from publicdatabasestomemberlistsofassociations,communト
ties,schools)needsverydifferentapproaches,whichshouldbefolowedbyneutral
partiessothatacertainbalanceispossible.Forthis,Selectioncriteriashouldbe
workedout(e.g.age,expertknowledge,fieldofexpertise,sex,interdisciplinary
interests),becauseinthenew processes,notonlytechnical-scientificbutalsosocial,
societal-cultural,economic,educationalandotherquestionsareraised.
Identifyingexpertsandotherparticipantsistheonetask,tolinkthem andmake
them communicateistheother.Therefore,aninteractivenetworkhastobebuiltup.
Folowlngtheideaofthenetwork,therepresentativesofthedifferentactorgroups
wilalreadyworkoutquestionsinaverydetailedmannerindifferentteams,buton
theotherhandalsocontacteachotherindependently,withoutcontactingthewhole
groupformally.
Therefore,itisfirstnecessarytofindoutwhotheactorsinthedifferentfieldsare
(e.g.inFUTURinHMobilityandCommunicationMorHHealthandqualityofLifeH).
Similartotheco-nominationprocess,everyactorcansuggestotherpersons,sothat
adynamicandcomprehensivenetworkcanberapidlycreated.Butcaremustbe
takentoincludealsothoseactorswhocannotbefoundbythismethod,ら.g･outsid-
ersofthecommunities,personsworkingalongInterdisciplinarylines,students,the
disadvantagedorthosewhoforotherreasonsareJustnotHcommunltymembers….
Thiscanbedonetoacertainextentbystatisticalapproachesindatabases,orby
otherresearchwithinteⅣiews,butitmustbedoneasneutralyaspossible.Itshould
betested,ifco-nominationcanalsobeusedtoidentify"theleastacknowledged
person"inthefield.
OneoftheobjectivesoftheGemanforesightprocessFUTURistheopennessfor
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othertopICSandthemes,plustheparticipationofnon-experts･Theinterpretationof
alreadyexistingdataandthecreationofnew questionscannotbeindependentof
differentoplnionsonproblems,especiallyfortheassessmentofnew technology
anditsapplicationeffects.Therefore,theidentificationoffuturetopICSandthese-
lectionofthosewhichdeservedin-depthtreatmentneedstheparticipationofthose
involvedandinterestgroupsorlobbies.Furthermore,thespecificknowledgeofthe
diferentactorgroupsshalbeappliedinordertodetectrisksandchances,butalso
toarriveatinnovativesolutionsforexistingproblems.Therepresentationofas
manyoplnionsorsidesoftheproblem aspossiblefrom thedifferentactorgroupsin
thevariousfieldscan improvetheanalyticaldepthoftheassessmentsandthecom-
mitmentf♭ratoplC.
4 0rganisationofFUTUR･TheNewGermanForesight
Process
lntheGemanFUTURprocess,theforesightactivitiesincludethecollection,the
bundling,andtheanalysisofthemes,aswellasthediffusionoftheresults.neactivitiesare
supportedby l･selectedprospectiveteamsasrepresentativesofdiffer-
entinterests,2.themedia,and3.thehtemetasaninteractivetoolorplatfom for
thediscussion･Therearealsocertainmilestonesoftheprocesswhichshouldbe
followedbyevaluationsofneutral,ifpossible,intemationalpartners.Thedistinc-
tionbetweenaPre-orPost-Foresight-Phaseisnolongerpossible.Wh atismoreimportantis
thecontinultyOfthewholeforesightprocess.Astheexpertsstem from
differentfields,theapproacheshavebeenbroadenedandtheexperiencesappliedto
other丘elds.
Atfirst,topICSandquestionsconcemlngthefuturehavetoberaised.Thedifferent
kindsofactorswilworkonthese.h thisfirstphase,alsonew actorsinthefields
areidentifiedsothatanetworkofthem ("intelligencepool")canbecreated.The
groupsmeetphysicalylnWOrkshopsoryirtuallyviathelntemet.Thetaskisto
workoutquestionsindiscursiveprocessessupportedbycreativltyandothertech-
niques(e.g.scenarios).Thesequestionsmustbeestimatedasworthyofdiscussion
onabroaderbasis.Alsomediatedfutureconferencescan beconductedin thisphase.
ThecriteriaforthisworkareglVenforexampleinthefom ofpoliticalquestions
from theministryltSelf･Possiblequestionsare:Whichtopicsincreasethecompeti-
tivenessofacountry?Wh ichfieldsneedkindsofeducationthatwerenotprovided
beforenow?How canthisbeorganised?Inwhichfieldsdoesaconflictpotential
exist?Howcanthegovemmentavoidorpreventtheseconnicts?
AftermanyquestionsandtoplCShavebeenraised,aspecialfocusisneeded.This
canbedonewithacomprehensive,systematicandcomparativesurveyamongthe
mostimportantactorgroups.Thiscentralstudyshouldincludetheobjectiveestima-
tionoftechnologicalpotentialsaswelasthesubjectivewishes(alsoofthedifferent
partiesinvolved),whoseinnuenceonfuturedevelopmentscannotbeunderesti-
mated･TheDelphimethodologywithitsfeedbacktoalparticlpantSisoneofthe
methodsthatcanbeusedinthiscontext.Scenarioworkshopswithfeedbackcould
beanotherpossibility.
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Picttlre2:
"Ideal"ForesightProcess
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Akindofidealfわresightprocesscanbedescribedrecursively,asinpicture2:when
theintemediateresultsofthestructuredsurveysareavailable,theimplementation
anddiscussionfolows.Forthis,teamsfrom thedifferentactorgroupsarefounded
inordertodiscussthefuturetoplCSinatarget-orientedmanner.Thesediscussions
folow applieddiscursivemethodologleS.So-calledplanningcells,consensuscon-
ferences,focusgroups,mediation(especiallyinthecaseofconflicts)orlocalsce-
narioworkshopscanbeusedtostructurethediscussion.ThesemetbodologleSCan
onlybeappliedifthetoplCitselfisalreadyclearlystated.TheconceptlOn,media-
tion,andmonitoringwilbedesignedbyaneutralpartner.Forin-depthdiscussion
in specificfields,aspecialistmediatorisneededwhoisabletoaskthe"right"ques-
tionsandtofolow thedebate.Thismediatorneedstobehaveasneutrallyaspossi-
ble.
Especially,intheimplementationphase,itmustbedeteminedexactlywhichtargets
aretobepursuedandwhosetargetstheyare.FortheBMBF,Settingpnoritiesin
certainresearchprogrammesorworkingoutnew researchprogrammescanbea
target.Othertargetscanbemoreinterestingforindustry(e.g.taxreductionsfor
certainfields,financing).Specialistevaluationstherecommendationsofthepublic
("citizens'will)forcertainprojects(e･g･ShouldtheGermanmagneticleverage
train"Transrapid"bebuiltornot?)ordefiniteplansformeasures(financingofa
specificresearchinstitution,thefoundationofnew institutionsorclosingdownno
longerneededinstitutions)canalsobeobjectives.
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Picture3:
ShareofTasksinFUTUR
地 上S
ThealotmentoftasksinFUTURisdescribedinpicture3.Threemajoractorsare
involvedinthemanagementoftheprocess.Onepartistomonitortheprocess,pre-
paretheconceptsandanalysis,andorganisetheevaluationofthewholeprocessI
ThesecondmajorPartisthatofdecision-makerandmediatorofthewholeprocess,
tobeplayedbytheBMBFingeneral･Theministerherselfwiltakeresponsibility
forthisprocess.ThevariousmediaandespecialytheIntemetaretheliaisonpart-
nersintheprocess.Amanagementandc0-0rdinatinginstitutionisalsoneededto
managethehtemet,invitethedifferentkindsofactorsandc0-0rdinatetheprocess.
Thisidealconceptlooksmorestatic.As anetwork,itwillooklikepicture4.
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Picture4:
Alactorsinthefieldsandtheorganisersareinvolvedinalargenetworkandcol
operateveryclosely.Thelntemetistheplatfom fortransparencyandforpresent-
ingresultsandintermediateresults.Theextemalpresentationpartwilbealarge
rolebecausewithoutactivatingandmotivatingpeople(alsothepublic)topartici-
pate,itwilbedifficulttokeeptheprocessalive.h theIntemet,informationwilbe
providedonalreadyexistingmaterialaswelaslinkstootherhomepagesthatare
interestlnginthiscontext.
Theprospectiveteamsarekindofpanelsconsistingofthedifferentactors.They
workdependentlyandindependently-accordingtotheirwishes.Theycanbeself-
Organisedandareassistedbyascientificsecretary.Apersonwhoiswelknownin
thefieldaJldwhoisabletomotivatetheparticipantswilbeoneofthekeypersons
inthegroup.Theteamsworkouttheirtopicsuslngthedifferentforesightandcrea-
tivltymethods.Theyareassistedbyprofessionalmediatorsandareaskedtodeliver
anoutcomeafteracertaintime.Thiskindofoutcomeisnotfixedinitsfom.Itcan
beareport,recommendations,shortdescrlptionsofnew trends,CD ROMs,work-
shops,theorganisationofaconference,foundingofaspecificnetworkortask
forces･Buttheoutcomeisnecessarytogetsomevisibleretum outofit,andit
shouldalsobeofusefortheparticipantsthemselves.
5 0utlookandDiffictltiesinDoingForesight
TheGermanforesightprocessFUTURisjustbeginnlng,butalreadythedifficulties
ofc0-Ordinationareapparent.ThenetworkofactorsandparticlpantSisalready
largeandbecomlngincreaslnglylarger･Alsotheorganisationisc0-0rdinatedina
teamconsistlngOfdiferentinstitutions.Wh ohastoplaywhichpart?mewholeprocess
managementissupposedtobeasself-learningastheprocessitself･Italso
needstimetoconvincealpossiblepartners,toprovidethefinancialsupportand
solvethetechnicalandorganisationalproblemsofanhtemetpage.
Butthemajordifficultyistoconvinceactorsintheinnovationprocessthatthey
reallyhavean advantagefrom participatinginforesightstudies,i.e.,investlngtheir
timeinthatprocess.Iftheyareconvinced,additional,equalycompetentpartici-
pantshavetobefoundandpersonsfrom verydifferentfieldsintegrated,notforget-
tingpotential partners.Insomefields,theinterestisalreadyverygreat-especialy
inindustry.Inotherfields,thisisnotthecase,sothatitisdificulttoinvolvethe
"right"mixtureofparticipants.
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Thenextchallengeistodevelopnew methodologleSforthesenew approaches.
Somearealreadyavailable,butthemixofmethodscan alsobeveryuseful,depend-
ingonthefield.Scenarioscan beconductedinmanydifferentways.Shouldthey
alwaysbeapplid?Areopenpanelsessionspossible?Whataboutthemediationor
creativitytechniques?Aretheyadequate?Canpersonsrealybemadeawareofthe
futuretasksinsteadofremaininginthethoughtmodeofthepresent(whichwas
oftenaproblem inearlierforesightstudies)?Howcanthetacitorimplicitbowl-
edgebeactivated?
Anotheropenquestionis:How cantheparticipantsbepermanentlymotivated?
Everyoneisverybusyandhasothertaskstoo.Isthebtemetrealyacceptedasthe
instrumentforpartlCIPation?Areworkshopsenoughasan addition?Ordoweneed
"realevents"?Wewouldrecommendthem,butwhichones?Wh oshouldorganise
them?
Andcan thediferenttargetsofthedifferentparticipantsreallybemet?Theexpec-
tationsareverybigb.Often,theorganisersevokedthesehighexpectationsJtis
alreadydifficulttoexplainthattheconceptaimsatdifferenttargetsfordifferent
actors.Thismakesito允enveryvague.Toovague?
Whatabouttheevaluation?Theforesightprocesseshavetobeevaluatedbyoutsid-
ers(meaningforeigners,intheGermancase).How canthisbeorganised?The
evaluatorsshouldunderstandtheGemanlanguageinordertogointodetailsand
folow thediscussions.Andtheyshouldhaveenough knowledgeonforesighHo
judgethemater.Whatarethetargetsthatcan beevaluatedwheneverypartlCIPant
hashisownreasontoparticipate?Wh atisthesuccessofforesight?Ifitchanges
something?Ifitmotivatesthestakeholdersinthesystem toactinacertainway?If
foresightsupportsthecommunicationprocesses?Orifc0-Operationpartnersfind
eachother?Howcanaprocesslikethisbe"measuredM?Andhowcantheoutcome
betranslatedintoacertain"strategicthinking"(inthesenseofGodet1997)?
Manyquestionsarestilopen,andthiscontributionwasnotsupportedtoansweral
ofthem.ItsmaJOraimwastoinfom theinterestedparticipantsaboutwhatisgolngOnin
Germanyasregardsthenew foresightapproaches.Ithasalsoshownsomeof
thelimitationsforesightprc･cesseshavetoface.Butchangeisnecessarytobebeter
preparedforthetasksofthefuture.InGermany,Wewouldcommentthiswith
HOnlychangeisuncbanglngM.
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Abstract
TbereareincreasingindicationsthatTechnologyForesightisofvaluenotonlyforleadingindustrial
countriesbutalsoforsmallonesaswelasfordevelopingcountries.Austria'sfirstsystematicForesight
program,runbetween1996and1998,isexaminedasanexampleofaForesightapproachtailoredtothe
needsofasmallcountry･mespecificgoalsof`℃elphiAustriaM,itsapproach(selective,demand-,
problem-,andapplication-oriented)andexperienceswithsomeinnovativeelementsareoutlined:the
runningofaTechnologyDelphiinconjunctionwithaSocietyandCultureDelphi;themodificationof
theclassicalDelphitowardsadecisionDelphi;abroaderde免nitionoftheexpertbase;thefocuson
teclmologicalaswelasorganisationalinnovations;.ahigherdegreeof"血alizationMofmeasures;and
theapplicationofasol:ailedHmega-trendssect10n"in amultiplefunction.Theseelementsare
discussedandevaluatedtogetherwithan overviewonmainresultsandefectsoftheTechnology
Delphionthepolicyprocess.
1 Introduedon
TolookalleadisakeyelementofstrategicaCtionandpolicy-making･Wh athasbecomeevermore
importantwiththegrowingcomplexityandpaceofchange,especiallyintheeconomic
andtechnologicalspheres,istheneedtobasedecisionsonsystematicalygatheredinformation.
DuringthelastdecadeTechnologyForesighthasbeenestablishingItselfassucha
policylnStrumentandsourceofstrateglCinteligence.Someovemidingtrendsbecomevisiblealong
withitsremarkableupswing(Gavigan/Cahil11997;Grupp化instone1999):
- ForesightisnolongeJrundertakenwiththeclaimtoforecastorpredictacertainfuturesituationbut
recognizesthepossibilityofaltemativefuturesandalsotriestoshapeorcreatecertainpathsof
development;
- theforesightprocesswithitsstimulationofcom unicationandfutureorientationamongtheactors
oftheinnovationsystemisregardedatleastasimportantastheoutcomesintermsofidentはed
areasofstrategicreseamhandemerglnggenerictechnologleS;
- accordingly,thefunctionofmobilizingand"wiringup"nationalinnovationsystemsaddstothe
functionofinformingscienceandteclmologypolicy-making,e.g.forpurposesofpriorityseting
(Martin/Johnston1999)
- increasmgatentionisbeingpaidtothesocio-economicembeddinganddemandaspectsof
emergmgtechnologies;
- withthegrowingdiffusionofnationalTechnologyForesightstudiesinEuropeandindeedona
world-widescale,adlHerentiationandblendingofapproaches,tailoredtodiferentsetsof
objectives,isoccumng;and
- finally,incontrasttoearlierperiodsonecan observeaproliferationofforesightactivtiesamong
smalercountriesasweuasamongdevelopingcountries,particularlyinthenineties.
ThepapersstartswithalookattherelevanceofTechnologyForesightforcountriesand
economiesofdifferentsizeanddevelopmentstagebeforeglVlngabriefoverviewofpractice,
particularlylnSmallcountries.ItthenconcentratesonspecificcharacteristicsoftheAustrian
Foresightprogram asarecentexampleinEurope･TheexaminationoftheAustriancaseemphasizesthe
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necesslty-aSWelaspossibility-totailorthedesignofaTechnologyForesightaccordingtothe
specificsituationandneedsofacountry.Austria'sapproachisthatofasmalcountrywhichhas
undergoneaverysuccessfuleconomiccatch-upprocessafterWorldWar I.HerForesightexercise
wasdefinitelyorientedtowardsrespondingtosocietalneeds,thesearchfornicheswithinworld-wide
technologytrendswhereAustriacouldexpectspecialopportunitiestogalnaleadingpositioninthe
mid-and long-term and corresponding prospectsforproductdemand.
2 IsTechnologyForesightonlyamatterofadvancedandbigeconomies?
ThequestiontowhatextentTechnologyForesightandinparticularthegoalsandapproaches
establishedbybigcountriesarerelevantforsmallaswelasfordevelopingcountriesiscertainly
important.Overdecadesforesightstudieshadbeenthedomainofafew bigplayers
amongdevelopedcountries,notablyJapan withgreatregularityandtheUSAasthepioneer.Inthe
ninetiessmalcountrieshavebeguntomoveatthefrontstageofTechnologyForesightand
indeedmakeupasubstantialpartoftherecentproliferation.
Thespecificsituationofsmallcountrieshasalongresearchtradition(Soete1988).
AccordingtoKatzenstein (1985)onehastoacknowledgesmallstatesasacategoryoftheirown
('small'isdefinedherebyapopulationsizebelow20milion).Froman economicpointofview,
opennessofthenational economy,productionforsmallsegmentsoftheworldmarket,adaptation
pressureexercisedbyeconomic'giants'andselectivegovernmentinterventionismarecharacteristic
elements･Furthercharacteristicssuchasstrongerdependenceonforeigntrade,morelimtedresources
forR&DandadisproportionatespendingonbasicscienceratherthanOnappliedR&Dmaybeadded.
AsecondpartofKatzenstein'sargumentisthattheeconomicopennessandvulnerabiityofthesmall
Europeanstateshasfavourednco-corporatistpoliticalsystems(whicharelesscom onh larger
countries)andthatbothsetsofcharacteristicstogethershapethepoliticsandpolicyofindustrial
adjustment.WhilefurtherresearchhasledtosomereflnementSandconcentrationonsociO-institutional
differencesamongsmallcountries,thefactthattheyareunderstrongerpressuretospecialiseandthat
theiradjustmentpolicieswilhavetoincludeanexplicit`technology'dimensionismostrelevantberet
nissituationsuggeststhatforsmallcountriesTechnologyForesightcan indeedbean
hstnlmenttOCopeWiththesedemandsbut血attheapproachwouldseemtorequlreanapprOpnate
tailoringtomorespecificgoals:Ratherthanidentifyingemergingtechnologiesofstrategicrelevance
acrossabroadspectrum (asappropriateforbigcountries),developingorredirectingtechnological
specializationstrategiesandmatchingnationalpotentiaLTWitheconomicopportunitiesandsocietaL
demandarecrucialforsmallcountries.
Fordeveloplngcountriesthesituationandproblemsarecertainlyofadifferentnature,although
someofthedistinctivefeaturesofsmallcountriesmaybegiveninmoreextremeforms.Evenifthey
mightseethemselveslessinapositiontocompeteintechnologydevelopment,therearereasonsfor
them tobeinterestedinusingadvancedtechnologies,inidentifying.andrealizingtheirnational
potentialStoapplythesewithintheeconomylnafuture-OrientedperspectlVe,instimulatingkeyactors
andinst血tionstocontributetothis,andininformingtheirfuturepoliciesinthisconnectiononthe
nationallevel.hdeed,agrowinginterestinTechnologyForesightisevidentamongdeveloplng
countries:Thailand,SouthKorea,Makzysia,Indonesia,SouthAjlicaandBT･aZilareexampleswith
activitiesinthisfield.ThewaysForesightisbeingappliedbysmalcountriesandtheirexperiences
shouldinsomerespectsbealsoausefulsourcefordeveloplngcountries.
InEurope,theNetherlandswereoneofthefirstoutofthisgroupofcountriestocarryouta
majorHTechnologyForesightExperimentMwithastudycommissionedtotheScience
PolicyResearchUnit(SPRU)attheUniversityofSussexin1988.Itservedasapreparationfor
area-speci艮CforesightexerciseswhichwerestartedbytheMinistryofEconomicAffairswith
mechatronicsin1989andfolowedbysixsimilarstudiesonadhesion,chipcards,matrixcomposites,
signalprocessing,separationtechnologyandproductiontechnology(OECD1996).Anevaluationof
impactsledtothedesignofaknowledgetransferprogran orientedatSMEsandtoanothermajor
TechnologyForesighttitledHTechnologyRadar"in1997/98.ItidentifiedtechnologiesOfstrateglC
importancefortheNetherlaJldsandfocusedontheneedsofbusinessandindustry(Ministryof
EconomicAffairs1998).
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Alreadyin thelateeighties,Australiahadalsoembarkedonprospectivestudiesandapplied
prioritysetingmechanisms.Afirstcomprehensiveforesightexerciseatanationallevelwascarried
outaroundthemid功inetiesandcol0rdinatedbytheAustralian ScienceandTechnologyEngineermg
Council(ASTEC1994).ItHexaminedpossiblenationalandglobalchangesto2010andAustralia'skey
futureneedsandopportunitiesthatrelyon,orcouldbeslgnificantlyafectedby,scientific
developmentsandtheapplicationoft∝bnology'--Hwitll anemphasisondemand-pul"(OST1998:
87)･NewZeahmdhasalsosomeexperiencein applyingforesightforidentifyingintemational
leadershipopportunitiesinareasofnationalstrengthandforpnontysetlngaftertwoexercisescarried
outin1992and1995.Planningforafurtherforesightprojectstartedin1997,thistimewithgreater
emphasisonconsultationofend-usersofscienceandtechnology(Martin/Johnston1999).
InEuropeagain,Irelandhasjustrecently(April1999)Publishedtheresultsofherfirst
TechnologyForesightexerciseafteraprocessof12months(ICSTI1999)andinAustriathefirst
nationalForesightprogram wascompletedin1998(itwilbefurtherexaminedintheremainderofthis
article)AAlreadyintheearlyeighties,Sweden,NorwayandPortugalhavemadetheirfirststepsinthe
areaofForesight(cf.Gavigan /Cal1il11997).Towardstheendof1998,Swedenlaunchedanew
TechnologyForesightprojectOneightquitebroadlydefinedareas.Finlandwhichhasstartedaforesight
processwiththe"TechnologyVision proJeCtin 1996isprepanngafurthersectorstudy,aftera
I†
foresightinthefoodanddrinkindustry,inthechemicalindustry.As thefirstoutofCEUtransition
economies,HungaryhasalreadygoneagooddealofitswaylnCarryingOutamajorTechnology
ForesightprojectStartedin1997.
CombiningapanelandDelphiapproachtheHungariaJIForesightProgram "aimsatcreatlngSuStainable
competitiveadvantageandenhancethequalityoflifebybringlngtogetherbusiness,thesciencebase
andgovemmenttoidentifyandres.Pondtoemergingopportunitiesinmarketsandtechnologies"and
"shouldresultinanationalinnovat10nStrategyH(Havas1998).Anumberoffurthersmallcountriesin
EuropeiscurrentlyatdifferentstagesofplannlngandcarrylngOutForesights,suchasDenmarkand
Estland.Furtherexamplescouldbeaddedfromothercontinents,e.g.SingaporeinAsia.
Toidentifycommontrendsintheforesightsconductedinalthesesmallcountriescan bestbe
atemptedusingasetofcriteriadevelopedbyMartinandIrvine(Martin 1995).Itmeanstolookat
characteristicssuchasthoseoftheperformingOrganization,specificity,functions,orientationof
research,'intrinsictensions',time-horizonandmethodologicalapproach.Toputitshort:evidencefrom
anumberofweldocumentedforesightexercisesindicatesthatevenamongsmallcountriesthe
approachesarequiteVaried.However,asatendency,somecommontraitsmaybepointedout:
Thegoalsandscopesofforesightexercisesaremorefrequentlyorientedatspecificnational
conditionsandtheidentificationofnichepotentials.Timehorizonsarelesslong-term butmoreoften
around15yearS･Moreandmoreemphasisislaidonthevalueoftheforesightprocessitselfasameans
tostimulatecom unication,mutualleamlng,innovation-orientedconsensusandc0-0rdinationam Ong
theactorswithinnationalinnovationsystems.Mobilizmgmnovationawarenessratherthanlimitlngthe
functionofforesighttopnorltySetinglSPrevailing.Decentralizedandbotom-upapproachestendtobe
favoredandcombinedwithcentralsteenngagencies,usuallyatnationalS&Tpolicylevel.Tosome
extentabroadeningoftheexpertbasealongwithanintegrationofsocio-economicdemandandimpact
factorsintoforesightdesignsisobservable.Astrongerorientationtowardstheimplementation,the
applicabilityofresultsandthetransfertoSMEsisalsomoretypicalforsmallcountries.Finally,a
varietyofmethodsisappliedincludingtheuseofexpertpanels,widespreadconsultation,listsof
strateglCteChnologleS,SCenariosandalsoquantitativemodels,butsomepreferencefortheDelphi
methodisalsovisible.Manyofthesecharacteristicsmoretypicalforsmallthan forbigcountriesare
mostpronouncedintheAustrianForesightexercise.
3 ApproachandbuildingblocksoftheAtlStrianForesightprogram
Austria'sdecisiontoundertakeaForesightexercisecameoutofthefolowingsituation(Tichy1999):
Thecountryhadundergoneasuccessfulcatch-upprocessfromalargelydestroyedeconomybytheend
oftheSecondWorldWartoapositionamongtheleadingindustrialcountries.Theclosureofthe
incomeandtechnologygaphadreliedonimportlngforeigntechnology.Withthepositionachievedin
theeighties,apolicychangetomasterthedifficulttransitionfrom atechnologylmPOrtertOa
technologydeveloperinpromlSlngfuturemarketswasperceivedashighlynecessary.As Austriaisstil
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specializedonabroadrangeoftraditionalmedium-technologygoods-evenifhighestquality-afocus
onthreeaspectsseemedreasonable:tocreateandsupportconditonsforsuccessfulindependent
fundanentalinnovations,toupgradeexistingtechnologylngeneralbymarginalinnovations,andto
concentrateonalimitednumberofinnovativehigh-tech-marketsegments("niches"),in which
fundamentalAustrianinnovationsandconsequentlyAustrianmarketleadeThl'pappearlikely･
Afterseveralstepsinthisdirection(e.g.thedesignofacomprehensivestrategyforteclmology
policy;anumberofpriorityprogramsinseveralhigh-technologyfields)nationaltechnoわgypolicywas
lookingfornewwaystostimulatethenationalinnovationsystemeffectively.Theselectionofpdority
areaswasalsoseenasaproblemandaconcentrationonatopJownapproachprovedlessandless
promlSlng.Havinggotinterestedbyforeignexamples,theMinistryofScienceandTransportdecidedto
planandcomi ssionaForesightexercisewhichshouldbetailoredtothespeci丘cneedsofAustria.
ThetaskoftheAustrian Foresightexercisediferedmarkedlyfromthatofmostofitsforeign
predecessors.TechnologicallyleadingcountriessuchastheU･S･,JapanorGermanyusedForesightto
searchforemerglngteChnologleS,tOconcentratetheirinnovativeeffortsonemerglngmarketsandto
profitfromfirstmoveradvantages.ForAustria,however,asearchfortheseemerglngteChnologlCal
trendsdidnotseemadvisable-Austdacanutilize也eresultsofforeignTechnologyDelphi-studies.
WhathastobesoughtforarethemaT･ketsegmentsandnicheswithintheseworld-wideemerglng
markets,inwhichspecificAustrian advantagesinR&D,skilsandproductionfacilitiesprovidegood
startmgpositonforsuccessfu1innovations,i.e.innovationspromlSlngagoodchanceforfuture
Austrianleadershipintheseveryniches.
TbissituationshapedtheoveralgoaLTandtheapproachoftheAustrianForesightexercise'.It
hadtobeaboveallproblem-anddemandoriented,respondingtoactualsocietalneeds,andatthesame
timeheadingfortheidenti丘cationofmostpromlSlngareasOfinnovationinwhichAustriacouldhope
toachievealeadingpositonbothinR&Dandintermsofeconomicsuccess.Furtherobjectivesright
fromtheoutsetweretobuildonabotom-upnowofexpertiseanditwasalsoclearthattheForesight
shouldnotdealwithtechnologyonly;theTechnology-Foresightshouldalsoincludeorganizational
innovationsandwastobecombinedwithaSocietyandCultureForesightasaconsequenceofthe
declareddemand-andproblem-orientation.Finally,theAustrian approachaimedatproducing
informationtobeimplementedthroughtechnologypolicy-makingandatconcentratlngtheForesight
efortsonaselectionofareaswithparticularlyhighprionty.
Itwasinautumn1996whenthisfirstinitiativetoasystematicForesightprocessonanational
levelinAustriawaslaunched.neapproachwhichwasdevelopedforthisForesighttaskentaileda
numberofinnovativeelementswherebytwoDelphi-processesrepresentedacoreinstrument･Theywil
beoutlinedinthefolowlngtogetherwithabriefoverviewonexecution,majoroutcomesandimpacts
todate･ToglVeanimpressionofthemainbuildingbbckfOftheAustrian Foresightprogram,its
organizationasawholeissummarizedinFigure1.
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4 ExecutionoftheTeclmologyForesight
meML'nisり 70fScienceandTransportcommissioneddiferentpartsoftheForesightProgram…Delphi
ReportAustria"tothreeextemalresearchteamSandestablishedasmallSteeringCommiteeatthe
ministerial level(somechiefexecutivesfrom differentdepartmentsoftheScienceMinistry,a
representativeoftheAustrianAcademyofScienceandascienceJOumalistwithexperienceasaformer
Minister).
Essentially,theForesightProgram …DelpbiReportAustdaMconsistedofaseriesof
preparatorystudies,anumberofexpertpanels,aTechnologyDelphiand-asaquiteuniquefeature-a
combinationwithaSocietyandCultureDelphil.TheselectionofareasonwhichtheForesightshould
concentrateandthetopicsWithhthefieldareofutmostimportance.Tosolvethistask,themainstage
oftheAustrianForesightexercisewasprecededbyseveralotherforesight-orientedpreparatoryStudies.
Theworkofde丘ningsuitablesubjectfieldswas,however,lessfocusedontechnologicaldevelopment,
toavoidthefrequenttrapofnew technologleSurgentlysearchingforapplication;ratheritwas
problem-oriented,assumingthatinnovationswithapotentialtosolveexistlngProblemswilalsomore
easilyfindamarketinthefuture,asisdescribedbyTichy(1999):
"ThesetofAustrianforesightstudiesstartedwithananalysisofalreadyexisting
foreign(CkZssical)Delphis,toevaluatethepredictedworld-widetechnologytrends.Onlythosetrends
wereconsideredasrelevantforAustriawhichshowedupinalreadyexistlngAustrianstrength･Tofind
thesealreadyexistlngStrengthoftheAustriantechnologysector,theeconomicliteraturewassurveyed
and350experts(responserate39%)2we,einterviewed.SectorsleadinginR&Dwerefoundtobe
medicalscience,environmentaltechniquesandmaterials,sectorsleadingeconomicallyprovedtobe
environmentaltechniques,physicalmobilityandmaterials.hallthesefieldstheexpertsindicatedgood
c0-Operationbetweenacademiaandfirmsinadditiontohighcompetitiveperbrmance.nesame
surveyandthesamesampleofexpertswasusedforaco-nominationstudy,searchingforthenetworks
ofappropnateexperts,asabasisforselectingtheexpertsfortheworkingpanelsresponsiblefor
elaboratingthequestionnairesaswelasfわrtherespondentsofthelaterDelphisuⅣey.Althese
preliminaryStudiesdid,however,notsufficeastheyconcentratedonsupplywhiletheAustrian Delphi
smdyoughttogiveanatleast∝lualweighttodemand.Methodstofわrecastlong-ten demand氏)∫
high-techgoods,however,arestillacking.Twoproxies,therefore,wereutilised:Aconsumersurvey
andamediaanalysis･meconsumersurveyindicatedahighacceptanceofresearchinthefieldsof
medicine,environment,energyandmaterialsontheoneside,andaheavyresistanceagalnStresearchin
gene-andcommunications-technology.Morethanhalfoftherespondentswouldnotconsumegenetic
modifiedfood,evenifitisbeter,andalmosttwofifthfavortheproductionofbio-food,evenifitis
more expensive.The analysis of opinion-forming media yielded medicine,computerand
telecommunicationasthesubjectsmostfrequentlydealtwith,folowedbybio-/gentechologyand
space-research.Asan importaJltnOn-teChnicalcross-sectional areaspragmaticsofevery-daylife
(HAltagspragmatikM)showedup.H
OnthesolidbasisofthesesixstudiestheAustrian Foresightexercisearrivedatthe
selectionofsubjectfieldsfortheTechnologyDelphi.Thefolowingcriteriawereappliedin the
selectionprocesswhichwasdoneincooperationbetweentheresearchteamsandtheSteering
Commitee:positiveworld-widetrend,capacltytOSOIveproblems,presumedhighfuturedemand,early
stageoftheproductcycle,alreadyexistingStrengthsofAustria,Complexityoftheproductorthe
process,acceptanceby the population,sufficientdifferentiation offields
(portfolioaspect)andsuficientsizeofthefield.Awidedefinitionoftechnologywasapplied,
includingalsoorganizationalinnovations.
Theresultingfieldswhichwereatributedhighestpnontyandhenceshouldbesubject
areasoftheTechnologyForesightexercisearethefolowlng:
1TheTechnologyForcslghtpartwasdeslgnCdandcarriedoutbythehst-tuteofTechnologyAsscssmcnt(rTIA)oftheAustrlanAcadcmyofSclenccs,
whlethehstltuteOfTrendAnalysIS(ITK)lnVICnnaWasrCSpOnSlblcfortheS∝letyandCultureForesight.
2 0fwhich 17% entrepreneurs,23% physicalsclentlStS,16% technlClanS,13% socialscientlStS,19% adminlStration
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(1)Newfomsofhousingandenvironment-orientedconstruction,
(2)Lifelongleaning,
(3)Medicaltechnologyandsupportforelderlypeople,
(4)Cleanandsustainableproduction,
(5)Organicfood,
(6)PhysicalMobility,
(7)Characteristics-definedmaterials.
ThecombinationwiththesubjectfieldsoftheSociety&CultureDelphiwilbedescribedinthecourse
ofthenextchapter･Intotal,theAustrianFor.esightexercisecomprisessevenfields
studiedineachofthetwocombinedDelphiprocesses,I.e.theTechnologyDelphiandtheSociety&
CulmreDelphi.
Foreachofthesefields,expertpaneLswereestablishedofuptotwodozenmembersconsistlng
ofprofessionallyexperiencedpersonswithhighlevelsofcompetence,largelybelonglngtOthe
decision一makinghierarchyin scienceandresearch,bushess,publicadministrationaswel as
intermediateinterestorganisations(includingNGOs,consumerorganizationsanduserrepresentatives)･
Thesepanelswerekeytotheintendedbotom-upcreationofthecontentsofForesight,i･e.visionsof
innovationspromisingAustrianleadpositonsandofcorrespondingsupportmeasures･Nextstepswere
thenominationofalargeamountofexpertsineachfield(andthegenerationofanassociatedaddress
base)whoshould
laterassessthehypothesizedinnovationsasrespondentsinthelargeDelphisurveys･Theresultsof
thesetwoDelphiィoundswerestatisticalyanalyzedbytheresearchteamsresponsibleandtheoutcome
wassummarizedinaseriesofreportsasthemainproductsoftheForesightexercise･3
5 TheCombinationofaTechnologyDelphiwithaSocietyandClltureDelpli
Aconsiderationofthebroadersocietalcontextoftechnicalchangehastunedouttobeagaplnearlier
TechnologyForesightstudies.Forinstance,alreadythefirstGermanDelphistudyhadconcluded"that
technologicaldevelopmentsshouldnotbeinvestigatedandassessedinisolationfromsocialandcultural
circumstances"andthat"thequestionofsocialdesirabilityhastomatchthequestionoftechnical
feasibility"(BMTF1993).Amongothers,a"SocialTechnologyForesight"hadalSobeenexplicitly
suggestedinrelationwithdecreaslngacceptanceOfproductsandtechnologydevelopmentprogramsin
society(Todt/Lujan1998).
IntheAustrianForesightexercise,theinclusionofsocietalaspectswasoneofthe
principlesguidingthewholeapproach(ITA1998a).Thisisreflectedbythedesignandquestionnaire
contentsoftheTechnology Delphiitselfaswellastheideato match the
TechnologyDelphiwithaSociety&CultureDelphi.TTliscombinationwasmotivatedbytheobjective
toshedlightonthesocialembeddingofthevarioustechnicalandorganizationalinnovationsandto
examinediferentscenariosofsocialandculturaldevelopmentsexpectedbyexpertsintheshort,middle
andlongterm･
ThetwostrandsofDelphistudiesintheForesightprogramoverlaplntensOfsubjectareas:out
3TheresultsoftheTechnologyForesLghEcomposeyolumc1,2and30fthesenesDelphEReporlAustrTaVolumes4･5and60fthisSCnCSCOntaintheresultsofthe
SoczeEy&CultureForesrghTandthecross･{utlngむlalysisAlvolumesapelnGerm an andayalatJcaHheAustnanMlnlStryOfSclenCeandTransport
(contactMagErfnedErkcr,Tel++4315312017171,e-malErfncdErkcr@bmwfgvat)Tbcycm alsobcdownloadcd(lnGernla皿)viathcfolowing
htcmetaddresshtlp/wwwbmwfEVaU4ftC/matcnallen/delphi/indexhtm#Down]
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ofthesevenfieldsoftheTechnologyDelphiandthesevenareasoftheSocietyandCultureDelphi,four
focuson thesamesubjectarea.Thiscombination wasregarded asareasonablemix of
technology-specificandgeneralscopeofsocietaldevelopments･Theseoverlapplngfieldsinclude:New
formsofhouslngandliving;Lifelongleamlng;Medicaltechnologyandhealth;Cleanandsustainable
production(Fig.2).
FigurL,2: ThesubjectleldsoftheAustrianForesightProgram
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TheparticularobjectivespursuedbytheSociety & CultureDelphiwherethefolowlngOneS
(ITK1998):tomapsocial,cultural,economiCandpoliticaltrendswithintheAustriansociety;to
assessthesocietalandpolitCalsignificanceofeachofthetrends;toassessimpactsofsocietaltrendson
researchanddevelopmentaswelasintermsofprioritiesforpolitics;toidentifyconflictpotentialsof
societaltrendsandfinally,toassessthedesirabilityoftrendsasperceivedbyDelphiexperts.
ToglVeafew examplesoftheresultsobtainedinthesubject丘eldHHealthandilnessin
socialtransformation":MostimportanttrendsareanincreaslngawarenessOfandinterestinprevention',
agmwmgImportanceOfresearchondiagnosticandtherapeuticstrategleSintheareaorchronic
deseases;asplitintohigh-techmedicineincentralhospitalandtreatmentofpatientswithchronic
deseasesinhospitalswithlesssophisticatedequipment,Orindaycarecentersandathome;andawide
diffusionofvoluntaryservicethroughoutthehealthcaresystem･Highestpnority forresearchand
developmentwasatributedto:electronicallynetworkedhealthcenterswhichco10rdinateresearchvia
datanetworks,enabletele-consultationsandexchangeresults,patientrelateddataandexpertiseof
consultantson-line;diagnosticand也erapeuticstrategleSintheareaofchronicdeseaseswi也 a
correspondingupgradingoftheimageofchronicpatients;andalidentifiedhealtheducationinfamilies,
schoolsandcompanies,leadingtoincreasedinterestinprevention･Astrendsdeservinghighestpolitical
prioritywereidentified:apotentialbreak-downofthesolidarityprincipleinhealthinsurance(whichis
alsoseenasoneofthehighestconflictpotentialS);thenagaintheincreasinginterestin preventionl,
psycho-social supportservicesforlong-term unemployedpeople;apredominanceofcost-benefit
analysesinthemedicalsystem;andalsothesplitbetweencentralhigh-techhospitalSandmarginalized
chronicpatients.Finally,furthertrendswhichareatributedmajorconflictpotentialSaregrowlng
difficultiesforplannlnginthehealthcaresystem;anincreaslngCOdificationinlawofthedoctorpatient
relationasasourceofrisesinpnce;thedominanceofcost-benefitanalysesinthemedicalsystem;and
discussionsontheissueofeuthanasia.meemerglngSPlitbetweenan areaofacutetreatmentwith
high-techequlPmentinafewcentersontheonehandandextemaltreatmentofchronicpatientsonthe
otherhandisoneofthecentral themesinthissubjectfield.IncreasingPOlarizationtumedouttobea
trendalSoinothersubjectfieldsoftheSocietyandCultureDelphi(work,housing,infomationandnew
media,gender).Furthertrends whicharesuggestedbytheexperts'assessmentsasdominantacross
several丘eldsare:achangeofthedemographicstnlCturetowardstheelderlywithimpactsonthe
generationcontract,healthcare,houslngandliving;increasedoutsourclnginalseⅣicesectorsanda
rolefordecentralizednetworks;apreservationofthestate'sgovemancefunction,e.g.lnenvironment
policyandeducationpolicy;atthesametimeincreasedimportanceofthecivilsocietythroughnew
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formsofcommunityaction;andacontinuedrolefornationallevelpoliciescomplementedbyEuropean
UnionandreglOnalpolicies.As concemstimehorizons,theassessmentsoftrendsforthenext5to15
yearsarecharacterizedbyasurpnslngCOntinultyOfthesocietalstatusquo.However,withinahorizon
of15to30yearsquiteaProfoundstructuralchangeoftheAustrian societylSexpectedtooccur･The
authorsofthereport(ITK1998)interpretthiscontrastasanalami ngtime-lagbetweenunsolvedsocial
problemsandsuccessfulcoplngWiththem.Thematchingofthequestionnairecontentsofthetwo
AustrianDelphiexercisesexecutedinparallelalsoallowedforasynthesisoftheresultsofthefour
overlappingSubjectareas.Thisanalysisconcentratedonanumberofcross{utingthemeswhichwere
seenasmajorelementsgeneratingchaJlge:Serviceeconomy;scienceindustry;informationand
communicationtechnologies(ICT);andmarketopportunities(Rust1998).Theoverallpictureemerging
fromthissynthesizingviewisasomewhatmutedmodemizationprofileforthenext15years:Anumber
oftechnicalandorganizationalinnovationswilimpactoneverydaylivesandbusinessbutthebasic
institutionsoftheexistingSOCial marketeconomyandpublicserviceswilremainunchanged･
TraditionalValueslikereglOnalidentityandpublicfinanclngOfhealth,educationandotherpublic
seⅣiceswilbepreseⅣed.h noneoftheareasunderhvestigationdoestechnicalchangetakeon
revolutionaryforms.Thehealthandmedicalsystemisoneoftheareaswithparticularinnovation
potentialswithimpulsebothforaspectsofserviceeconomy,scienceindustry,ICTandmarket
opportunities.
6 ThedesignoftheTechnologyForesightasaDecisionDelphi
AccordingtoRauch(1979)itisusefultodistinguishthreetypesofusingtheDelphi-method:
Classical,PolicyandDecisionDelphi.HecaHedthetraditional DelphiapproachaClassical
Delphi:itseekstoobtainagroupopinionthrough ananonymous,multilevelgroupinteraction
intheformofaconditionalscientificprognosis.Apreconditionforthereasonableapplicationofa
ClassicalDelphiaredevelopmentsfollowingexplicitlawsoratleastcertainregularities･
Suchan environmentisoftenlackinglnsocialsystems,butalsointechnoiogicaidevelopment.
Bycontrast,aDecisionDelphiisaninstrumenttopreparedecisionsandtoinnuencesocial
developments:"realityisnotpredictedordescnbed;itismade"(Rauci】1973:i63).ADecisionDelphi
isalsodescribedasmoreappropnateinfieldswhichareshapedbyamixofindividualdecisionsrather
thanbygeneralrulesorregularities.Ifdevelopmentsaredominatedbyamultitudeofindependentand
uncoordinateddecisionmakers,aDecisionDelphiisrecommendedtostIuCtureandc0-0rdinatethem
towardsapath toadesiredfuturesituation.mepartiCIPantSOfaDecisionDelphiarerecmited
pnmarilywithregardtotheiractualpositioninthedecision-makinghierarchyandinthesecond
instancetotheirexpertise.IthasbeenpointedoutthatthegoaloftheAustrianForesightexercisewas
nottodetectthegeneralOutlinesofemergingtechnologiesbuttomapoutthosefieldsandniches,in
whichAustriacouldreachaleadingpositionwithinthenext15years,eitherinR&D,ineconomic
exploitationorinsocialandorganizationalimplementation.Forthistaskoffieldidentification
aDecisionDelphiwasregardedtheappropnatetool:
As Tichy(1999)argues,thesefields"arenotsomuchdeterminedbytechnologicaldevelopment
andeconomiclaws,butbythedecisionsandtheefortsofnumerousscientists,entrepreneursand
managers,bytheirexpectations,uncertaintiesandactionsornon-actions.TheparticIPationofthese
personsinaDecisionDelphiispartofaforesightexerciseaswelaspartof'makingofthefuture':
Answeringthequestionnaireinthefirstroundforcesthedecisionmakerstodealexplicitlywith
probablefuturedevelopments,asubjectnormalydeferredtotheGreekCalends,tothenever-never
timeoflessurgentbusiness.An swenngthequestiormairein thesecondroundconfrontsthe
decision-makerswiththeevaluationsoftheircoleaguesandcompetitors,andallowsthemtoadapttheir
ownassessmentanonymously,therebyprobablycreatmgsomefbm ofconsensusandimplicitly
formulatinganationalpath ofdevelopmentandspecialisation.Theresultsmayormaynotbe
acceptableforthegovemments'technologyconcept;theycan,however,provideabasisforpolicy
actioninanycaSe'.
Accordingtothebotom-upapproachinherentinaDecisionDelphiandthenecessltytO
involveddecision-makers asmuchaspossible,heavyweightwasglVentOtheexpertpanelsinthis
design.neypreparedthetopICSandquestionsusedinsearchingforpromlSlnglnnOVations･Thisinput
formedthebasisforquestionnaireswhichwerethenrespondedbyamuchwidergroupofexpertsina
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two-stageDelphisurvey.Inparticular,thetaskoftheexpertpanelswastoformulatearound40
hypothesesorpromiSinginnovationsina15yearStimehorizonineachfield(e.g."Simulation-software
forvirtualoptimisationofvehiclesandtheircomponentswithrespecttoweight,safety,andemissions
wilbedeveloped").
Special emphasiswaslaidonorientatingthevisionsofinnovationstowardsasuccessbl
realizationinAustria,andonspecljicsupportmeasurestoachievethisgoal.Thislateraspecthastobe
seenasadeliberateatemptlnarrivingata"higherdegreeoffhalization"ofpolicymeasuresthanOther
Foresightexerciseshaddonesofar.Forthispurpose,theexpertspanelshadtocompilelistsofconcrete
policyinstrumentsforappropnategroupsofinnovations,likelytoimprovethechancesofAustrian
leadership.
TbequestionnairesfortheDelphisurveyswerethendesignedindetailbyITA:Foranyoneof
thearound40hypothesiZedinnovationswithineachoftheseven丘elds,therespondentsindicated,a)
theirspecificknowledgeand,b)gaveassessmentsonthefolowingdimensions:
- thedegreeofinnovationimpliedintherespectivevision,
- itsimportance(forsociety,economyandenvironment),
- thechancesc･frealizationinAustriaingenerai,
- thechancesofAustrianleadershipwithrespectto:
- R&D
- organizationalandsocialimplementation,aswelas
- ∝onomicexploitation,
- thedesirabilityofthedevelopmentinquestion.
h addition,therespondentsshouldhdicatewhichpolicymeasures-outofaglVenlist-they
consideredasappropnatetoenforcetheenvisageddevelopmenLMoreover,roomforopencom ents
wasalsoprovided(seeAm exIandH forexamples).Furthertothat,17so{alled"mega-trend"
questionstapplngOnmoregeneralsocietalandglobaldevelopmentsasabackgroundtotheimovation
processesinquestionwereposedtoallrespondents.
TberespondentstotheTechnobgyDelphiwereselectedaccordingtotheirexpertiseandan
intended equalcompositionofthesampleconstituted bythreebroadcategories:
academia,businessandacategorycompnslngadministrationandgroupsoflobbyistsinequalparts･
neco-nominationstudyservedasthemainpoolofexpertsandwascomplementedbypersons
nominatedbythebasicexpertpanels.Inaddition,anumberofothersourceswereusedto丘Ilthe
remaininggapstOreachbyandlalBeacompositionofthesampleclosetoequalproportionsofthethree
categoriesoutlined(seetablesinAnnexⅢ).
neAustrianTechnologyDelphiconsistedoftworounds,likemostotherForesightexercisesof
thiskind:3748questionnairesweremailedinthefirstand1597inthesecondround,46%and71%of
whichwereretumed.Outoftherespondentsofthesecondroundaboutonethirdwereemployedin
氏rms,aquarterin academia;in ternsoffunction,onethirdworkedin R&D andmanagement
respectively,oneeight'sindicated acombination ofseveral functions.Women wereheavily
underrepresentedwhiletheagestructurewasratherbalanced.
nedecisionDelphiapproachandthecombinationwithaSociety/CultureDelphiwerenotthe
onlyInnovationsofthedesignof"DelphiAustria".AIsothebroaderconcept10nOftheexpertbase
deservestobepointedoutasanintegralcomponent･ThecompositionoftheexpertbasefortheDelphi
suⅣeysaimedatincludingnotonlyresearchandtechnologyexpertsbutalsoanadequateshareofwhat
can becircumscribedas"practicaluser-","publicmanagement-"and"market-related"expertise･
However,an absoluterequirementforassessmenttobetakenasvalidhasbeenatleastamediumlevel
ofexpeltiseintheinnovationinquestion.
7 AssessmentofOmega-trends"andprofileoftheexpertbase
hthelatestGermanDelphistudy(Cuhlsetal.1998)an assessmentofsomegeneralsocietaltrendson
thenationalaswelasgloballeve1-asoICalledmega-trendssection-wasaddedtoeachfield-specific
questionnaireofaTechnologyForesightfortheflrSttime.Thisnovelelementservedtheaimtocontrol
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formoregeneralvisionsofthefutureandworld-viewsamongtherespondents.ParticipantsOfthe
Delphiexercisein eachfieldwereinvitedtorespondtothesamesetof19statementsongeneral
(economic,social,political,cultural,environmental)trendsworldwideandinrelationtothenational
context.
htheAustrianstudy,thistoolwasinaslightlymodifiedway.Itshouldservethreeルnctions:
first,theworldviewsoftherespondentstotheTechnologyaswelastheSocietyandCultureDelphi
shouldbeexaminedandcompared;second,thegeneralatitudinalprofileoftheAustrianexpertsshould
beassessedbywayofcomparisonwiththatoftheexpertsoftheGerman Delphi;andthird,itshould
enableacontrolfortwopotentialsubjectivebiasesoftheexperts'assessment:a)abiasduetoparticular
worldviews,andb)abiasduetovestedinterestsinaparticular area.Forthesepurposesthelistof
itemsusedintheGermanstudywaspartiallyadapted:nesameitemsasinGermanywerepresentedto
theparticipantsin theAustrianSociety andCultureDelphiwhereasfortherespondentstothe
TechnologyDelphisevenmoreglobalstatementsoftheGe-anlistwerereplacedbynewlycreated
items;eachofthesedescribedakeytrendinoneofthesevensubjectareas.Theideawastohavea
possibility tocompare,Withrespec日okeytrends,theviewsof丘eldexpertswithassessmentsby
expertsfromallotherfieldsasan -admitedlyrough-checkforapotentialinterest-basedbias.
Toputitshort:Sixdifferenttypesofworld-viewswereidentifiedamongthe
respondentsoftheTeclmologyDelphi.Theylargelyrenectedoptlmism orpessimsm vis-a-vis
economiCandecologicaltrends,nationalsoverelgntyandsocietalprogress.Acc･mparisonwithresults
fromtheGermanstudyshowedaconsiderablesimlarityofassessmentofgeneraltrendsandconfimled
thebalancedmixofDelphiexperts.Somefield-specificsubjectivebiascouldnotbeexcludedinall
subjectareasbutwasnotfoundtoimpactontheassessmentofparticularinnovationsinasignincant
way(seeAicbbolzer1999).
8 TechnologyForesightoutcomesandsuggestedpolicymeasures
neanalyticaljindingsandimplicationsderivedfromtheresultsoftheAustrianTechnologyForesight
fortechnologypolicycanbesurmarizedasfolows:
IncertainareasAustrian researchinstitutionsorfirmsalreadyhaveachievedleadership
orhavethepotentialtodosoinamiddlerangeperspective,especiallythroughtheapplicationofhigh-
ifnothighest-technologylnOtherwisemediumtechnologyfieldsand,ontheotherhand,inmarketsin
whichAustriahasleadmarketcharacter(e.g.incleantechnologies,organicfood)becauseofaspecial
demandsituation(shapedforinstancebythelegalregulation,
characteristicsofthesocialsystem,consumers'preferencesetc.).hgeneral,however,Austriahasnot
yetaccomplishedtheleapfromatechnologyadoptertoatechnologydeveloper.
Specialopportunitiestoachieveleadershipexistinthefolowlngareas:
- Simulationmodelsinconstructionprocesses
I High-techsteelandlowweightmaterials
- RecyclingofcompositematerialSandmixedmaterials
- I-ownoiseequlPmentformilways
- Cleanerproductiontechnologies(esp∝ialyinmetalandpaperproduction)
- Woodasmaterialinconstructiveapplications
- Ecologicalysoundconstmction
- Organicfood(seedsandbreeding,conservationandanalysistechniques)
- Technologiessupportinglife-longleaning(tailor-madepackagesforfurthertraining,
inteligentinformationagents,electronicleamingmedia)
- TechnologleSSuppOrtlnganindependentlivingoftheelderlywithoutlosingpersonal
contacts
- Substitutesfororgansandfunctions(inconjunctionwithbio-compatiblematerials,hybrid
technologies).
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- Informationandcommunicationtechnologiesarepartandparcelinalmostallcasesof
successfulorpotentialleadership,asindependenttechnologleStheyonlyplayarolein
certainniches.
Aspecificproblemisthatthetimehorizonanticipatedandtakenintoaccountininnovationactivitesby
fimsandappliedreseamhistooshort.
IsolatedtechnologlCaleffortsarenotverylikelytopayoff:Successinachieving
leadershiprequlreSaWiderapproach,networking,C0-OperationbetweenfirmSandresearchinStitutions,
alinkingoftechnical andorganisationalinnovationsandacriteriamassof丘msandresearch
institutions.
Atitudestowardsorganizationalinnovationstunedouttobemoreambivalent,indicatlnga
higherlevelofmistrustintheirrealizability.
AsconcemspolicyoptlOnS,themostimpolantmeasureSuggestedbytheTechnology
Foresightisthestrengtheningofc0-Operationbetweenresearchhstitutionsand丘msaswelasamong
firmsandresearchinstitutionsthemselves.Recommendedmeasuresinclude:actions
promotlngthedevelopmentofclustersinfigureorientedcoreareas,thecreationofnewinStitutionsfor
thecO-ordinationofinterdisciplinaryresearchfocuses,adiferentiationinresearchpIpmOtionbetween
moreroutineandhighrisklong-term proJects,theprescnptlOnOftargetsandcontinuousevaluationin
projectPrOmOtionandthesetingupofpilotprojects,especiallyonorganisationalinnovations･Foreach
ofthesevensectorsaplentyofmorespecificpolicyrecommendationscanbefoundinthevolume
devotedtosector-specificresultsofthisTechnologyForesight(ITA1998b).
9 StLm ryandconclt15ion5
IthasbeenshownthatTechnologyForesightprogramSareflourishing,especiallyamongsmall
countries,intheninetiesISuchexerciseshavebeentakenupalsobydeveloplngcountriesandseemto
beausefulinstrumentforthemindeedwhentailoredtothespecificneedsofthecountry.GoalSand
approachesaregenerallydiferentandneedtobeadaptedtotheparticularpositionintheglobal
economyaswellastheyneedtorespondtonationalproblems･Experiencetodateindicatesthateven
amongsmallcountriestheapproachesarequlteVaried.However,thescopesofforesightexercisesare
morefrequentlyorientedatspecificnationalconditionsandtheidentificationofnichepotentialS,time
horizonsarelesslong-term,moreemphasisislaidontheforesightprocessitselfandbotom-up
approachestendtobefavored.
TheAustrianForesightprogram "DelphiAustria"istyplCalexampleofasmall
countryapproach.MatchingtheTechnologyDelphiwithaSocietyandCultureDelphishedlightonthe
socialembeddingofthevarioustechnicalandorganisationalinnovations.Aperspectiveemerglngfrom
thissynthesizingviewisasomewhatmutedmodemizationprofileinAustria･Theassessmentofsome
generalsocietaltrendswhichhadbeenBrstintroducedinaGermanDelphistudywasusedasanovel
elementandallowedtoexaminethehomogeneityoftheexpertbase･
TheTechnologyForesightdefinitelyusedabotom-upapproachincludingexpertpanelsand
Delphiexercisesaskeyelementswhichbadmainlytwotasks:
a)toidentifyandassessthoseareasofinnovationwithhigh importanceinthetext15years
inwhichAustriacouldachievealeadingroleand,
b)toconsiderandassessavarietyofmeasuresforeachgroupofinnovationstosupportthis
goals･
TbeTechnologyForesightledtotheidentificationofanumberofpromlSlnglnnOVationareas
andpolicymeasures･AroundadozensuchareashavebeenpointedoutasmostlikelytoallowAustria
toachievealeadpositioninR&Dandmarketsegments.
TheresultsoftheAustrianForesightprogramarebuiltonasufficientlybroadbasisofexpertise
tobeusedasan importantinformationsourcefortechnologypolicy-makingaswelasotheractorsof
theinnovationsystem,especialyincompaniesandreseamhinstitutions.Theprocessofinvolvinga
greatnumberoftheseactors,eitherasmembersofoneofthepanelsdeveloplngthecontentsofthe
DelphiquestionnairesorasparticipantsintheDelphiroundsthemselves,hasalreadybeena
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deliberatelypromotedandvaluableresultofthewholeForesightprogram.
Furtherstepsinthatdirectionhavebeenundertakenfirstofalwiththewidediffusion
oftheresultsof"DelphiAustria"onthenationallevel.SeveralthousandsofcopleSOfthereportshave
beendistributedamongbusiness,academia,publicadministrationandotherorganizationsinspnngand
towardstheendof1998.AlreportsareaccessibleviathehomepageoftheAustrianMinistryof
ScienceandTransportontheIntemetandcanbedownloaded,includingthetablescont乱nlngthe
quantitativeresults.AnumberofmajorPreSentationsandworkshopshavecomplementedthisdifusion
processwhichalSohasledtothewidecirculationofanumberofcontributionsbothinpnntmedia
(severalnewspapersandmagazines)aswellasonradioandTV.
Theresultsof"DelphiAustriaHhavemainlyhadconsiderableimpactinresearchandtechnology
policysofar:Theyhavedirectlyinfluencedthestartofanewprogram inthefieldofsustainable
production (HImpulsprogramm Nachhaltig Wirtscha氏en") in February 1999 and the policy
recommendationsflOwingfromtheForesightresultshaveatleastindirectlysupportedthecreationof
new"competencecenters".Aprogram Called"K-plus"hasbeenintroducedwhichplanstoestablish
around15such"centersofexcelence"whichpursueastrategyofpromotingCOOPerationbetween
firmsandresearchinstitutionsonmajorinnovativeproJeCtSinapre-COmPetitivestageandtosupport
thedevelopmentofclustersinpromlSlngareas.Themajontyofcentersalreadyconstitutedwithinthis
programworkinareassuggestedbytheTechnologyForesightresults.
A furtherimportantimpactconcernsthenew research strategyprogram
(HOsterreichischeForschungsstrategie1999plusM)currentlybeingdevelopedwhichisplannedtobe
adoptedthisautumnaflerthediscussionofagreenpaperbasedon"DelphiAustria".Finally,moreor
lessdirectlyrelatedwithpanelactivitiesindependentForesightprojectshavebeentnggeredin the
fieldsofvocationaltrainlngandretrainlng,medicine,andtransport.Forinstance,astudyonthe"Future
ofvocational trainlng and retrainlngHhasbeen undertakenbytheInstitutmrBerufs-und
ErwachsenenbildungattheUniversityofLinz(IBE)withintheframeworkofan intemationalstudy
commissionedbytheEuropean FoundationforthepromotionofVocationalTraining(CEDEFOP),
Berlin.
Finally,WiththeForesightprocessitselfacontributiontothestimulationofcO-
operationandnetworkinghasstarted.Itwilhopefulybecontinuedwithsuchongolngandfuture
sectoralactivitiesandleadtowhatismeantbyHwlnngupthenationalinnovationsystemH.
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The2ndTechnologyForecastSurveybyDelphiApproachinKorea
KichulLiml(STEPI,KOREA)
Abstract
lnviewofsocialandeconomicsurroundings,"the2ndSurveyofthe
TechnologyForecast&NewTechnologyinKorea"bearssignificant
importanceinthatitreviewstheexpecteddevelopmentcourseofS&T-the
corecomponentofthehigh-techsocietyinthe2lstcentury-overthenext25
years,andaimstohelpfbmulatenationalS良TpolicyandstrategicR良Dplans.
Thedurationforassessing15technologlCalfieldswassetforlong-term
observationof25yearsin2000-2025.
Thelevelofsignificantforthe15S良Tareas,thetop100subjectsin
significance,andtherelationshipbetweensignificanceindexandR&Dlevelin
al15areasweresurveyed.TheresultofcompadsonofKorea'sR&Dlevelis
47･1%thatofadvancedcountries･Therangeofpredictedtimeperiodsfor
realizationofnewtechnologyinKoreaandadvancedcountriesisaboutafive-
yeargapbetweenKoreaandadvancedcountries.
I.Introduction
ThenewmilenniumwehaveJuStenteredisacriticalandhistoricalyimportanterain
whichweshoulddevelopKoreaasanadvancedwelfaredemocracybasedonthe
nation'samazlngeconomicachievementsofthe20thcentury･Withtheinformation
revolutionformingthebackboneincreatlngaknowledge-basedsociety,scienceand
technology(S&T)hasgrownasanewelementofnationalpowertosecurenational
competitiveness,Strengthennationalsecuntyandimprovenationalprestlgetowardthe
world･haddition,theroleofS&Twilcertainlyimprovethequalityofhuman
existenceandcreatenewsourcestoexpanditsculturaldiversities.
hthesesocialandeconomicsuroundings,"the2ndSurveyoftheTechnologyForecast
&NewTechnologyinKorea"bearsslgnificantimportanceinthatitreviewsthe
expecteddevelopmentcourseofS良T-thecorecomponentofthehigh-techsocietyln
IDirector,DivsionofResearchCoordination,Science&TeclmologyPolicyInstitute(STEPI),KOREA
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the21stcentury-overthenext25years,andaimstohelpfomulatenationalS&T
policyandstrategicR&DplanS･Thepurposeofthesurvey,whichwasfirstconducted
in1994,isto女)recastlhefuturedevelopmentcourseandprovidebasicdataessentialfor
cha山ngoutpolicygoalsandestablishingS&TpoliciesbycompanngKorea'scumnt
S&Tpro丘1ewiththatofotheradvancedcountries.
Basedontheoutcomeofthesurvey,nationalS良Tpolicymakerswilbeableto
effectivelydistributethenation'sresourcesinnationalportfoliosandsetupspecific
measurestoimplementnationalR&Dprq】ects･haccordancewiththenationalplan
proposed,thepnvatesectorcouldalsosetupstrategleStOSecureessentialtechnologleS
overtheshorトmidandlong-te- period,respectively,whichwilleadtocontinuous
technologicalimprovements.TheoutcomeofthisstudycanmarkthebeginnlngOfan
i-OvativecyclefortheNationalhnovationSystem(NIS)inthedawningknowledge-
ddvensociety･
2.StlrVeyProcess
ThissurveywascarriedoutbytheTechnologyForecastCommiteeundertheinitiative
ofSTEPIanddividedinto16subcommiteesspecializinglnaSPeCi丘cteclmology丘eld.
Basedontheresultsofthetworoundsofresearchefforts,membersofthe
subcommiteesformedatheoreticalanalysisframeworkandchartedouteachfield'S
futureteclmologlCalprospects.Inaddition,theatomicenergyfieldwasmergedwiththe
energyfield,bringlngthetotalnumberofsubcommiteeto15.
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3.ContentorSurvey
I)Areasfbrfutureassessment
WlthintheentireS&Tfield,15areashavebeendesignatedforassesslngtheirfuture
developmentcourse.
2)Timeframe
ThedurationforassessingeachtechnologlCalfieldwassetforlong-term
Observationof25yearsin2000-2025,correspondingwiththatofJapan,Gemany
andotheradvancedcountries.Thiswilalowforacomparisonoftheassessment
results.
3)SuⅣeyMethods:Delphitechnique
TheDelphitechniqueisonewaytopredicttechnologlCaldevelopment,reflectlng
theintuitionofexpertsregardingtheanticlpatedtimeoftechnologlCalcompletion
andthesignificanceoffuturetechnology.Bothdeveloplngandadvancedcountries
usethismethodforpredictingfuturetechnologlCaldevelopment.Thismethod
combinestheexpertoplnionsofalargenumberofscientistsandrevealstheinitial
resultsofthesurvey,glVlngexpertsanOPPOrtunltytOadjusttheirearlierpredictions･
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Themethodalsoensuresanonymity,enablingscientiststoexpresstheiroplnions
丘eely,andallowsforeveryonetouseother'inputinshapinghisownassessments.
The2ndS&TForecastSurveywascarriedoutbytheMini-Delphitechniquewith
onlytworoundsofquestions.
4)SelectionofSubjectsf♭rForecast
EachsubcommitteeoftheS良TForecastCommitteedrewupalistofprospective
subjectsforforecastandmadeitsfinalselectionof1131subjectsbasedonthe
folowingCriteria.
+TechnologylnitsformativeorinitialstagesexpectedtoleadtheS&Tinthefuture
thmughout血eworld.
+Technologyrelevan日oissuesunlquetOKorea'sdomesticsituation
+Notincludingtechnologyalreadydevelopedaprototypeorneanngdevelopment
completion(exceptionsinCludecasesinwhichtheleveloftechnologyisverylow
ornon-existentinKorea)
+PossessingabalancebetweentechnologythatrequlreSShort-,mid-andlongterm
development
+Avoidingconcentrationinaslnglefield
InadditiontotheI,13Isubjectsselected,24subjectsproposedbyexpertsdu血g
theFlrStroundofthesurveyhadbeenaddedtotheagendaforthesecondround,bringlngthe
totalmemberofsubjectstoI,155.
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4.CharacteristicsoftheSecondS&TForecastSurvey
ThefirstnotablecharacteristicofthesecondS&TForecastSurveyisthatcomparedto
theonein1994,whichwasbasedona20-yearforecast,thissurveywasglVen25years
sothattheresultscouldbecomparedtothoseofothercountriesalsoona25-year
schedulesuchasJapan,GermanyandFrance.However,thenumberofsubjectsI,155
selectedinthissecondsurveyislowerthanthel,174selectedinthefirstsurvey･The
secondnotablefeatureisthattheresponsetothesurveywasgreaterthanthatin1994
(SeeTablel1).
Third,adeeperanalysュsWasmadeinrelationtoR良Dareasandtheirrespective
objectivesandfuturesignificance.ThetwoelementsofS&Tlevelandsignificanceof
R&Dineachareawereindicatedina2x2matrix.
Fourth,respondentsestimatedthatdeveloplngS&Tteclmologywouldrequlreabout516
yearslongerthanwhattheyhadproposedforthesameorsimilarsubjectareainthe丘rst
survey.Althoughthisisanindicationthattherewasmoreoptlmismin1994,itcanalso
beinterpretedasscientists'takingamorecautiousapproachtoS&Tdevelopment,
particularlywithrespecttothefinancialcrisisandtherestructunngltentailedforthe
S&Tsector.
Inaddition,respondentsindicatedS&Tissueswerelessslgnificantbutmore
scientificalydevelopedcomparedto1994,meanlngessentialythatKoreahasmade
greatstddesintechnologicalimovationovertheyears.
Fifth,therecentsurveyofersilustrationsforanoverviewofkeytechnologleSthatwil
impactthefuturelife.
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TableI.ComparisonofResponseRatio
Item lstSuⅣey 2ndsuⅣey
I.SurveyPeriod Preparatorysurvey 92.6-93.5 97.5-98.5
DelphiSuⅣey 93.8-94.9 98.6-99.10
2.SuⅣeyAreas 15 15
3.SurveySubjects 1,174 1,155
4.TimeofForecast 20Years(1995-2015) 25Years(2000-2025)
5.ResponseRatio lstRound 32.4% 40.7%
(1,590Respondents (1,833Respondents
among4,905) among4,500)
2ndRound 75.3% 78.8%(1,198Respondents (1,444Respondents
Fig2.SignificanceIndexofEachAreas
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5.SurveyResults
1)lmportantR&DAreas
Thelevelofsignificanceforthe15S&Tareasaveraged65polntSaSShowninFig2･
Theareathatreceivedthemostpointsforslgnificancewashealth&medicalcare
with72.7,followedbyagnculture&fisherieswith72.8.Lifescienceswerenext
with71.4.Thoseareasthatreceivedtheleastamountofpointsforslgnificance
wereaircraft,astronomy&spaceandultratechnology,bothwith57･1･Also
receivingpointslessthantheaverageforsignificanceweretransportation(59･5)
andenergy,resource&atomicenergy(59.7).Theenvironmentratedaboutaverage
with64.9%forslgnificance.Thisoutcomeisinfluencedbythegeneralopinionof
expertsplacingmoreemphasisondevelopmentratherthanenvironmentalissues
becauseofthe丘nancialcdsis.
2)Top100S&TSubjectsinSigniBcance
Thetoploointhe15S&Tareasinclude23subjectsrelatedtohealth&medical
care,19inthelifesciencefield,and18intheagnculture&fisheriesarea.Onlyone
subjectintheareasofearth&marinesciencesandultratechnology,respectively,
Rankedam ongthetop100.Table2OffersanoverviewofKorea'sS&Tdevelopment
andpolicygoalsfわrthenext25yearsuntil2025.
Table2.ForecastThemesofGrowlnglmportanCe
Area MajorThemesofgrowlnglmPOrtanCe
1.Electronicsnnformation +Minimzationandultraintegrationofsystems,realizationofaninformation-drivensociety
+Increaslngtheperformancecapacityofproductsandoferingmore
customizedproducts
2.Telecommunications +0feringenhancedcustomizedservicewiththeultra-speedinomatiohighway,wderserviceareasandupgdedqulPmentin
termsofsizeandfunction
3.Machine,Production&Proesslng ●DevelopmentofenvironmenトfriendlyprocesslngteChnologleS,
enl1anClngqualityoflife
+lmprovlngaCCuraCyandproductivity,applicationofinteligence
automationtechnologleStOPrOductionhardwareandtheoverallindustry
4.TranspoⅠtation ●AutomationtechnologleS,reducingenVironmentpolution,improvlngSafetymeasuresandcomfortlevels
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5.Aircraft,Space&astronomy +TechnologleStOenhancepassengerconveniencebyusingadvanced
teclmologylnOtherfields
CreatlngairCraflwithmoreinteratedand hancedfunctions,
advanclngOVerallspacetechnologleS,andupgradingastronomiCal
tecbnologleS
6.Environment ●Technologiestofightthegreenhouseefectandmaterializeidealenvironmentalcondiionspoposedbyworldcli convntions
+Environmentalprotection,andimprovlngenVironmentalconditions
7.Earth&MarineSciences +Preservationofmaritimeenvironment,creationofoptimalmaritimeenvironmet,andnroduction finteligncetechnologeStOthe
field
8.Energy,Resources&AtomiC ●Technologiesforenvironmenトniendlyenergydevelopment,productintechnologesforenergyandresourcs
Energy +Safety-enhanclngteChnologiesforatomicpowerplants,and
tecbnologyfbrimpmvingproductivityandpro丘tability
9.UrbaniZ.ation,Construction& ●Creationofnewconceptsofspace,htegratedadVancementofconstructionspace
CiVilEngineenng +environment-friendlyconstruCtiontechnologleS,andeficient
utilizationofland
10.Materials ●Expansionofapplicationtechnologiesfornewfunctionalrr
materialsandcircuitdevices
+BreakingdowntechnologicalbamiersbydeveloplngnanO
technologies
ll.Chemicals +DevelopmentofnewmedicineandnewagriculturalchemiCalsbymolecularreconstmctionandsynthesis
+BoostlngefficiencylnPrOductiontechnologleSandseparation
processes
12.LifeScience +Developmentofmedicineforincurablediseases,investlgationof
agingdynamics
●Expandedidustrialutlizationofbio-tchnologleS
+Environment-friendlylifesciencefields,andotherlifesciencefields
gearedtowardimprovlnglivingstandards
13.Agriculture&Fisheries +DevelopmentofappliedsciencetechnologleSuSlngthebenefitsof
1ifesciencefields
+Secunngastablesupplyoffoodresourcesthroughadvanced
breedingtechniquesandcreatlngneWVarietiesofstaplecrops
14.Health&MedicalCare +Medicaltreatmenttocureterminalilnessessuchascancer,AIDS,diabetesandliverdiseas,peventaglng,Xtendhumnlifespans
andimprovehealth
15.UltraTechnology +People-friendlyultratechnologleSElmntaryparticedynamicsrsearchanditsincreasedadaptation
3)ComparisonofR&Dlevels
Korea'sR良Dlevelis47.1%ofthatofadvancedcountriesasshowninFig.3･Korea
achievedthehighestlevelofR良Dintheareaoftelecommunicationswith55.5%
comparedtoadvancedcountries.Thoseareasmarkingmorethan50% include
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transportation,electronics/information,andchemicals&process.
Telecommunicationsandelectronics/infomationhavebeenestablishedasKorea's
industries,whiletransportationandchemicals良processcanbesaidtobeat
relativelymaturedevelopmentstages･Korea'sR&Dlevelintheaircraft,space&
astronomyandearth/marinescienceareaswasamongthelowestwith31･9and
43.1%,respectively.Thesefieldsareconsideredcapital-intensiveareasandbeyond
Korea'sbudgetarypriorities,asreflectedbytheirlowlevelsofdevelopment
comparedtoadvancedcountries,whichareabletoinvestheavilyintothesebig
sciencefields.Hence,KoreamustselectafewspecifictechnologleSfromthemore
costlysectorsthataredeemedstrategicallyImportantforlong-termnational
development.ThefactthatthelevelofR&Dintheareasoflifesciencesandhealth
&medicalcarearelowandtheirslgnificantarehighindicatesthatthesefieldsare
deemedessentialtoimprovingthepeople'squalityoflifeandshouldbe
strateglCalypromotedbythegovem entinthefuture.
Fig3.AverageR良DLevelsinEachArea
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3)RelationshipbetweenSignificationandR&DLevelinEachArea
Fig･4showstherelationshipbetweenslgni丘CanceandR&Dlevelinal15areas.
(a)ThequadrantIshowstheareasinwhichboththesignificanceandR&Dlevels
arehigh,suchaselectronics/infomation,telecommunications,agrlCulture皮
fisheries,andfinechemicals良processfields･Asthetechnologyareasof
electronics/informationandtelecommunicationsconstitutethepilarsofthe
knowledge-drivensocietyinthe2lstcentury,thegovemmentshoulddeviseaplan
toadvancetheseareassothatKoreamayemergeasaleadingtechnologlCalglobal
force.
O))ThequadrantIshowstheareashighinsignificancebutlowR&Dlevelssuchas
health&medicalcare,lifesciencesandenvironment&safety.Thesefieldsare
closelyconnectedtopublicwelfareandqualityoflife･Astheirimpactonthe
futureandsignificanceareexpectedtogrow,thegovemmentshouldcreate
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conditonsforshiftingthesescience丘eldstothearstquadrant.
(C)ThequadrantⅢrevealsareaslowinbothsignificanceandR&Dlevel,suchas
earth/marinescienceandultratechnology,andaircraft,space良astronomy･
Theseareasarenotfulyexploreddespltetheirrecognizedgrowthpotentialasa
newsciencefieldinthe21stcentury.TheyrequlreintensivecapitalinpuHhat
onlyagovemmentbudgetcouldprovide,yetmarketfailureintheirdevelopment
wouldincurgreatcostsforthenationaleconomy.Hence,thegovemmentshould
selectivelyinvestinasmalnumberofscientificresearchareaswithinthese
sectorsthatareappropnateforKorea'sdomesticenvironment
(d)ThequadrantⅣindicatesareasinwhichtheR良Dlevelishighbutsignificance
isdeemedtobelow,suchasmaterials,urbanization,civilenglneering皮
construction,machine,production皮processing,transportationandenergy,
resources&atomicenergyareas.Thetechnologyformachine,production&
processlngandmaterialsdevelopmenthavereacheditsheightofmaJOnty,having
longbeenconsideredimportantandservedasthebackboneofKorea'sindustrial
development.InordertomovetheseareasintothequadrantI,effortsfor
technologlCalinnovationshouldbepursuedcontinuously,Urbanization,civil
englneenng&construction,tranSportationandenergy,resources&atomicenergy
areasneedmoreinvestmentinthefbm ofsocialove血eadcapitalorin丘astmcture.
Fig5.TheRangeofPredictedTimePeriodsforNewTeclmologleS
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4)PredictedTimeperiodsforrealizationofNewTechnology
Fig.5presentstherangeofpredictedtimeperiodsforrealizationofnew
technologyinKoreaandadvancedcountries.Am ongthel,155subjectsinKorea,
itwaspredictedthatthelargestportionof600subjectsor52.0%wouldberealized
between2006and2010.Next,425subjectsor36.8%wouldberealizedin
201I-2015.Inthemostadvancedcountries,528(42.7%)subjectswerepredicted
forrealizationbetween2006and2010,folowedby502subjects(43.5%)in
200112005.Ofthe1155subjects,KoreawilimprovethetechnologlCallevelof
88.8%ofthesesubjectsbetween2006and2015,translatingIntoafive-yeargap
betweenKoreaandadvancedcountries.hpa山cular,Koreawilseetheareasof
telecommunicationsandmachine,production&processingImprovequickly,
whereasaircraft,space&astronomyandlifesciencewillseearelativelyslow
improvement.OfthetotalI,155subjects,thelargestnumberof473(35.2%)
subjectsshowedthatKoreaisfivetosixyearsbehindadvancedcountries.
97(8･4%)subjectsshowedKoreatobebehindby7-8years;86(7･4%)subjects
showedKoreatobebehindbyO12years.Overal,Koreaisbehindby3-8yearsin
mostsciencesubjects,buttheareasofelectronics/information,telecommunications
andenvironmentrevealashorterdiscrepancyof0-4years.
hthe丘eldofaircralt,space&astronomy,75.4%ofitssubjectsreveala10-year
lagforKoreacomparedtoadvancedcountries,indicatlngthatKorea'sR&D
capacityisstilfarbehindthatofadvancedcountries(SeeFig.6).
Fig6.TheRalgeOft)iscrepancyinRealizationofNewTechnologybetweenKorea
andAdvancedCountries
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6.Conclusions
Subjectsthatrecordedidenticalorsimilarinbothofthesurveysin1994and1999
numbered279,or24.2%ofthetotalI,155.Comparedtothefirst(1994)survey,those
areasgamenngresponsesofhigherslgnificanceincludeelectronics/information,life
sciencesandhealth&medicalcare.Ontheotherhand,amarkeddeclineinslgni丘Cance
wasrecordedinearth/marinescience,chemical&processandultratechnologyfield.
ThesecondsuⅣey(1999)showedthattheR&Dlevelhassharplyimprovedinsuch
areasaselectronics/information,telecommunications,transportation,environment,and
chemical良process.However,earth/marinescienceandagrlCulture良fisheries
technologiesdroppedintheirR&Dlevels,whileroadprogresswasmadeinmostof血e
other丘elds.TheantlCIPatedtimeofteclmologicalrealizationswasmoreconservativeas
respondentsestimatedthatitwouldrequlreabout5-6yearslongerthanwhatthey血ad
proposedin血e丘rstsuⅣeyin1994.
Althoughthismayindicatescientistsweremoreoptlmisticin1994,itcanalsobe
interpretedasscientists'takingamorecautiousapproachtoS&Tdevelopment,
particularlywithrespecttothefinancialcrisisandtheIMF-mandatedrestructunng
processbothinthepublicandprivatesectors,includingS&Tareas.
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ABriefIntroductionofNationalTechnologyForesightinChina
ChengJiayu ZhouYbngchun
(NationalResearchCenterforScienceandTechnologyforDevelopment,P.R.China)
Abstract:
ThispaperintroducessomeresearchworksofNationalTechnologyForesight(m F)in
China,includingthedefinitionofNTF,organization,researchschemeandthe
methodology.Thecriteriaofselectingtheexpertsandtheprincipleofprepanngthe
candidatetechnologleSarediscussedrespectively.Theindicatorsystem inthe
SelectionofNationalCriticalTechnologylSalsopresented.
InChina,NationalTechnologyForesightandtheSelectionofNationalCritical
Technologybegan in1992.TworesearchprojectsWhichdoneinthepastfTewyears
should be mentioned.The research project"Selection ofNationalCn'tical
Technologies",whichcompletedin 1995,definedwhatwasthenationalcritical
teclmology,andestablishedtheresearchapproachesandthecriteriaofselectlng
nationalcriticaltechnologies.TheprojectSelected24CriticalteclmologleSand124
CriticalteclmOlogytopicsoutoffourtechnologicalareas(ink)rmation,biology,
manufacturingandmaterials).ItprovidedthereferenceinnationalNinthFive-year
ScienceandTechnologyPlannlng･In1999,wecarriedoutanothertechnology
foresightprojectinagnculture,infTormationandadvancedmanufactunngareas,and
finishedthereportHTechnologyForesightofPriorityIndustriesinChina".
Basedonaboveworks,wehaveputforwardtheconceptlOnOfNational¶∋chnology
Foresight.h thefelow,wewildiscussthedefinitionofNTF,theresearch
organization,scheme,researchapproaches,andtheselectionofnationalcritical
technology.
1.WhatisNationalTechnologyForesight
NationalTechnologyForesightisakindofevaluatlngforesightbyexpertsfbrthe
nationtoidentify thecriticaltechnologies,whichareveryimportanttoreachthe
nationalaimsduringthenextfewyears･Itwilcontributetothenationaleconomical
growth,scienceandtechnologydevelopment,socialprogressandthenationaldefense･
Thefわresightresultswil:
+ provideimportantsupportforthedecisionmakinginnationalS&Tplannlngand
economicaldevelopmentplannlng,ParticularlybycenterGovem entbutalsoby
industryandlocalgovem ent.
● directR良Dactivitiesintheinstitutesanduniversities,
+ offerthereferencefortheenterpnsestoselecttheteclmologleS,
+ stimulatenewandcontinuingdialoguebetweenthesciencebaseandindustry,
andforgestiebetweentheinstitutes,universitiesandenterprises.
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2.ResearchOrgami2:ationandResearchScheme
2.iResearchorgamization
Theresearchorganizationiscomposedofthreegroupsinourforesightproject:
SteenngGroup,OveralResearchGroupandFieldGroups.Theamwsshownin
Fig.1drawtheirrelationships.
Fig.1SketchmaparesearchorganiZation
Stcennggro呼 :Beingcomposedoftheoficials,whoareresponsibleforS&T
Planning,fromtheMinistryofScienceandTechnology(MOST).Itsdutyistoguide
theresearchactivitiesfTromtheneedsofnationaldevelopment.
OyerlalResearchGroLPIBeingcomposedoftheresearchersledbyourinstitute,
NationalResearchCenterforScienceandTeclmologyforDevelopment(NRCSTD)･
ItisresponsiblefororganlZlng,eXeCutlngandcoordinatlngtheresearchactivitiesIIts
duties:
+ Formulatingtheresearchaimsandoveralframework,●Deteminlngtheresearchschemeandresearchmethod,
+ SetinguptheevaluatlngCriterionsandtheindicatorsystem,
● Guidingtheresearchworksofeach丘ledgroup,
● Beingresponsiblef♭rdataprocessmgandanalyzlng,
+ Buildingupthenationalteclmologydatabaseandcomposlngthefinalreport･
FiehlgroupsIBeingcomposedoftheresearchersinrelevantareas･Therewerethree
Field-groupsintheforesightproject.'Information,AdvancedManufacturlngand
Agriculture.Theirduties･.
● PrepanngthecandidatetechnologleS;+Designlngthequestionnairesandmakingtheinvestlgation;
+ Beingresponsiblefordataprocesslngandanalyzlnglnrelevantfield;
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+ Buildinguptheteclmologydatabaseandcomposlngthereportinrelevantfield.
2.2Resealt:hScheme
Fig･2Sketchmapofresearchscheme
3.Researchapproaches
TheexpertevaluatingmethodischieflyusedinNTF.Threekeystepsneedtobe
discussedindetails.
3.IE甲eTl'snetwork
Thefirstkeyishowtochoosetheexperts,whoseoplnonsstronglyinfluencethefinal
results.Theirviewswilbecanvassedthrough:questionnaires,conferencesandother
events;interviews;Writensubmissions･,andaseriesofinteractionswithrelevant
overseasbodies.Asaconsulter,he(orshe)must:
+ beabletoconsiderquestionswith strateglCeyes,eSPeCialyfrom thenational
pro臥+bean authorityengagedintheconcemedresearchareaatleast10years.
Thecompositionoftheexpertgroupshouldbereasonable･Theymaycomefrom
R&Dinstitutes,universities,enterpnsesandgovem entofFICeS.h ourforesight
project,mOrethen1200experts,80%fromR&DinStitutesanduniversities,hadbeen
askedtoanswerthequestiomairesbypostalbasisandreglOnalworkshops･也
AdvancedManufacturlng,afew ofrelevantoverseasbodiesparticIPatedin the
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investlgations.
3.2ThepTilZCかleofprepaTingthecanddatetechlZOlogies
ThesecondkeylStOpI℃parethecandidatetechnologleS,Whichdominatethewhole
foresightprocedures.TheprmciplesofpreparlngthecandidateteclmologleSWereSet
upbystudyingtheirpresentsituationandrelevantsciencetrend,aswelasby
identifyingthefuturemarkeLTherearethreerolesinit･
+ Thetechnologyshouldbeadvanced･Itisurgentnecessarytoindustry
development,andusefultosolvethecomplicatedproblemsineconomicand
socialdevelopment.Itmaybewidelyusedinthefuturemarket･
● Thetechnologyshouldbeanimovationtechnology,whichmayprobably
constructanewgrowlngindustry.
+ Thetechnologyislikelytobecomeavailablebefore2010･Itmayprovidea
slgnifCantcontributiontothetechnologicalprogress,environmentprotectionand
thepromotionofpeople'slife･Theeconomicandsocialbenefitsmaybederived
fromanewmarketortechnologyopportunity.
33TheilZtegTlatedcritcliaofevaluatingthepnloTiかtechnologies
ThethirdkeyistoapplyanintegratedcriteriontoevaluatethepnontytechnologleS･
hourresearchworks,aprogram wasdesignedtoprocessthequestionnaires.Weused
somestatisticalmethodstorankthetechnologleS,inwhichanintegratedcriteriawith
sixpnontyindicatorswasconsideredasfelows:●Importance
+ Eficiencyafteruse+Restrictionfactors
+ Comparisonwithintemationallevel
+ Thewaytoreachtheachievement●Timesrequiredfわrthetechnologytomaster
4.SelectionofNationalCritCalTechnologies
ThegeneralconsiderationsinselectionofnationalcriticaltechnologleS:
+ Requirement.Theselectedtechnologiesmaymeettheneedsoffoundation
industryandmainstayindustrydevelopment,andmaylmPrOVethedevelopment
ofnewlyhigh-techindustries.
● Abilities.Consideringourfundingavailability andtheskilde丘ciencies,we
shouldknowwhatwecan doandwhatwewilsucceed.Itisreasonableto
exploreanddevelopthetechnologleStOOuradvantagefirst･
● EBiciency.Forgetingahigherretum,theteclmologieswidelyutilizedshouldbe
pnortoalothers.Wh ileconsideringthecurrentefficiency,weshouldalwaysput
thenationallonger-ten bene丘tonthetop.
+ Science･TheselectedtechnologleSmustObeytheprincipleofscienceand
teclmology.Itshould felow the directionin theworld and innovates
continuously.
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Accordingtoaboveroles,Wesetuptheindicatorsystemofselectlngnationalcritical
tech1010gleSShownintable1.
Table1theindicatorsysteminselectionofnationalcriticaltecIlnOlogies
Economical JTheselectedtechnologleSShould:1.Marketneed beu dinthefuturemarketrcreatenewmarket.
development 2.Economical increasetheadditionalvaluesaftertheiruseandenl1anCe
eficiency theeconomicaleficiency.
3.Ⅰndustry □improvetheproductquality,□reducethecost,□either
competitiveness Createthenewfunctionsorimprovetheoldones,thus
elevatingtheindustrycompetitiveness.
TechnologlCal4.Importance5ncmmonuse Thebreakthrough,innovation&usageofthetechnologies
should:
beimportanttoelevatetheinduStryteChnologyskilsand
progress assemblyleVel.
beusedinⅠ】姐nyindus山es.Ⅰtmaypromoeoherindusけy
6.Promotion development.
promoteothertechnologydeVelopmentorbecomeanewindus打y.
Socialprgress 7.EnvironmentProtection8Naual resources Theselectedtechnologyshould:
protecttheenyironmentpolutions.
us th naturalresurceeficiencyandreducetheenergy
andenergyuse consumpt10m
9.Quahtyoflife improvethepeople'shealth,nourishmentandeducation.
Feasibilities 10.Fun°ing Thefundingavailabilityshouldundertakethecostfrom
availability R&Dtotheproducts.
ll.Times required Theselectedtechnologyshouldbeusedinthenext10to
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TechnologyForesightinJapan
-ThePotentialandlmplicationsofDELPHIApproach-
TerutakaKuwahara
Director,FourthPolicyl0rientedResearchGroup
NationalhstituteofScienceandTechnologyPolicy
Abstract
Manygovemmentorganizationshaveconductedtech1010gyfわresightinJapan･A
consensusprocesswasimportanttoform national scienceandtechnologypolicy
becauseadministrativestructurewasdecentralizedandtheindustryhadalargeshareof
investment.ThispaperoutlinesJapanesetechnologyforesightactivitiesincluding
ScienceandTeclmologyAgency'sDelphithathasahistoryof30years･Delphi
approach'sreliability isexaminedbychronological evaluationandintemational
comparison.As foranalysisofpoliticalimplication,animportanceindexofDelphiis
introducedandcomparedwithalevelofnationalR&Dexpendihre.Casestudieson汀,
environment,energyandlife scienceshowsoslgnificantcorelationbetweentwo
parametersthatDelphiresultscouldbeutilizedfわrpnontysetlngS.
1. TheCharacteristicsofJapaneseScienceandTechnologyActivties:The
FactorsBehindTechnologyForesight
Thegoaloftechnologyforesightistoprovidebasicinformation forusein
govemment-levelscienceandtechnologypolicy,corporateR&Dmanagementandso
on.Theimplementation oftechnologyforesightisinextricablyrelatedtothe
characteristicsofthegovemmentalorganizationsthatareinvolvedinscienceand
teclmologyandtovarioussocialandeconomicfactorscurentatthetimeof
implementation.
From thisperspective,oneofthedistinctivefeaturesofJapanesescienceand
technologyadministrationisitsdistributednessinthatmanygovemmentministriesand
agencieshavetheirownresearchinstitutionsandbudgets,withgovemmentR&D
programsasawholeimplementedthroughtheircoordination.Morespecificaly,
whiletheMinistryofEducation,whichoverseesuniversitiesandcoleges,hasbeen
alocatedabudgetfわrthepromotionofbasicresearch,ministriessuchastheMinistryof
IntemationalTradeandhdustry(inchargeoftheindustryasawhole),theMinistryof
HealthandWelfare(inchargeofhealth/medicalcareandwelfare),theMinistryofPosts
andTelecommunications(inchargeoftelecommunicationandbroadcasting),andthe
MinistryofAgriculture,ForestryandFisheries(inchargeofagricultural,forestryand
fisheriesindustries)havetheirownresearchbudgetsandresearchorganizationsto
achievetheiradministrativegoals.haddition,theScienceandTechnologyAgency
undelakesstrateglCresearchprogramsthatbridgebasicandappliedresearch･The
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govemmentrs1999scienceandtechnologybudget,whichtotalled3.16trilionyen,was
distributedam ongministriesandagenciesasfolows: theMinistryofEducation
42･7%,theScienceandTechnologyAgency24･5%,theMinistryofhtemationalTrade
andhdustry16.1%,theDefenseAgency4.6%,theMinistryofAgriculture,Forestry
andFisheries3.5%,theMinistryofPostsandTelecommunications2･4%,theMinistry
ofConstruction1.3%andothermimistriesandagencies2.4%.Asan organizationto
deliberateanddecideonageneralprogram forR&Dactivitesumdertakenbythese
ministriesandagencies,theCouncilforScienceandTechnologyhasbeensetup,with
theprimeMinisteraschairman.Note1
Japan'sscienceandtechnologylSalsocharacterizedbyindustry'sproactivestance
towardinvestlngin R&D andbvthefactthatgovemmentresearchspendingasa
percentageofthenation'stotalresearchexpendituresislowincomparisonwiththeU･S･
andEurope. Forinstance,in1998govem entspendingaccountedfor21･7%ofthe
nation'stotalresearchexpendituresof16.Itrilionyen.Thispercentagewasonly
17.9%in1990,buthasbeennsmgeversince.
AgainstabackgroundofthefactthatmanyministriesandagenciesmaintainR&D
functionswithinthegovemmentandthaHheindustrialsectorweighsheavilyinR&D,a
varietyoflong-term teclmOloglCalfわrecastsorvisionshavebeenpreparedinJapan,
centenngaroundthegovemmentsector,toprovideadirectionfわrR良D through
govemmentpolicyfb-ulation.
2. TheCompositionofTechnologyForesightActivitiesandDelphiSurvey
TheOECDdefinestechnologyforesightas"theprocessinvolvedinsystematicaly
atemptlngtOlookintothelonger-term futureofscienceandteclmology,theeconomy
andsocietywiththeaimofidentifyingtheareasofstrategictechnologieslikelytoyield
thegreatesteconomicandsocialbenefits." Japan isengagedinmyriadteclmology
foresightactivitiesthatareconsistentwiththatdefinition,andwhichcanbecategorized
intothefblowlngfわurtypes.
Note1 TheJapaneseGovernmentwilreducethenumberofitsministriesandagenciesfrom22to12
in2001･Accordingtotheprogram,theMinistryofEducationandtheScienceandTeclmologyAgency
wilbeintegratedastheMinistryofEducation,ScienceandTeclmology,andtheCouncilforScienceand
TeclmOlogywillbebolsteredastheCouncilforGeneralScienceandTeclmologybyexpandingits
coveragetoincludethehumanitiesands∝ialsciencesinadditiontothenaturalsciences,thepresent
COVerage･
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Table1 StnlCmreofNationalForesightProgram
Holistic STADelphiSurvey
Macro-level Mi山stries
Mes0-level Groupsofcoznpanies
Microlevel IndividualcompaniesandreseNChinstitute
Examplesofmacro-levelactivitiesarethevarioustechnologyforecastsandsocial
visionsthatareformulatedandreleasedbygovemmentagencies.An exampleof
meso-levelactivitiesisthetechnologyfbrecastlngthatindustryorganizationscarryout
with血ecooperationofrelatedcorporations.Themicro-leveltechnologyfbrecastlng
activitescamiedoutbyindividualcorporationsareconsiderableinnumberandarenot
nomalymadepublic.
Amongtheseactivities,thoseoccupylngthepositionofholistic-levelendeavorsarethe
TechnologyForecastSurveysoftheScienceandTechnologyAgency.Thesesurveys
werebeguninthe-1970Sandhavebeenimplementedevery5yearsthereafter･The
mostrecentsuⅣeyistheSixth,血eresultsofwhichwerereleasedinJune1997[3].
Thesesurveyscoveraforecastedperiodof30yearsandhaveconsistentlyemployedthe
Delphimethod.AlthoughthistechniquewasdevelopedbyRANDin血eearly1950S,
itwasJapanthatdevisedandestablishedtheapproachofalarge-scalesuⅣeycovenng
everyfieldofscienceandtechnologyandinvolvingthousandsofexperts.
FortheSixthTechnologyForecastSurvey,asteenngcommitteewasestablishedto
directtheoveralactivities,andunderitwereestablishedthirteensub-commitees;the
leadersofthesesub-commiteescompnsethemembershipofthetechnologyforecast
comi tee.BoththenumberoftopICSandthenumberoffieldshaveincreasedover
theyears(Table2).TheNationalhstituteofScienceandTechnologyPolicy-
whichimplementstheactualsurveys- consultswithvariousexpertgroupsandothers
befわreselectlngme丘eldstosuⅣeyandappolntlngtheleaderofeachsub-commitee.
Table2:ChangesinthecoverageofSTA`STechnoloForecastSuⅣeys
Forecastedperiod EffectiveresponsesSuⅣeyperiod Fields Topics
Firstsurvey 1970-1971
Secondsurvey 1976
Thirdsurvey 1981-1982
Fourthsurvey 1986
Fifthsurvey 199I
Sixthsurvey 1996
5 644 1971-2000 2482
7 656 1976-2005 1316
13 800 1981-2010 1727
17 1071 1986-2015 2007
16 1149 1991-2020 2385
14 1072 1996-2025 3586
Thesesurveysarefundedunderapolicy-proposalsurveybudgetthatisadministeredby
theCouncilforScienceandTechnology,towhichthesurveyresultsaresubmited.
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Because血eyaresounprecedentedlylargeinscaleandimplementedonaregularbasis,
thesesurveysprovidebasicdatathatareusedin thefomationofscienceand
technologypolicybytheCouncilforScienceandTechnologyandbyothergovemment
agenciesaswel.
The6thandmostrecentsurvey,whichexamined1,072topicsinthe14丘eldslistedin
Table3,wasbegunin1995･TheScienceandTechnologyBasicLawwaspassedby
theDietinDecemberofthatyear,andunderitanactionprogram fortheensulngBve
yearswasdecidedbythecabinetinJune1996.Thisplan,caledtheScienceand
TechnologyBasicPlan,Clearlysetforththegovemment'spolicyofincreaslngR&D
investments.TheSix血 SuⅣeywasdesignedinaccordancewith血eScienceand
TechnologyBasicPlan,andassessingtheteclmologicaltopicsaccordingtocontribution
tosocial andeconomicdevelopment,improvlngthequalityoflife,andsolving
environmental problems,forinstance,also includesquestionsabouttherole
govem entshouldplayinrealizingeachtopic(Appendix1).
Table3:FieldsofSixthSurvey
Materialsandprocessing
ElOctronics
lnfornntion
Lifescience
Space
Marinescienceandearthscience
Resourcesandenergy
Envkonment
Agriculture,forestryandfisheries
Productionandmachinery
Urbanizationandconstruction
Communication
Transportation
Health,n蛤dicalcareandwelfare
As forapoliticalapplication,forinstance,aworkinggroupestablishedbytheCouncil
forScienceandTechnologyin1999usedthesurveyresultsinitspreliminary
investigationsforthenextScienceandTechnologyBasicPlan (whichcoversa
five-yearperiodbeginningin2001).
Delphisurveyresultsarealsowidelyusedbyindustry･TheNationalhstituteof
ScienceandTechnologyPolicyfわlowedupontheSixthTechnologyForecastSuⅣey
withaquestionnaire-basedsurveypnmarilyofcorporationsthathadbeenveri点edas
havingpurchasedandusedthesurveyreport.The175responsesthatwerereceived
(outof429questionnairessentout)indicatedthattheresultsoftheTechnologyForecast
Surveyarewidelyusedintheareasofresearchplanning,reSearChanddevelopment,
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andbusinessplannmg.Theobjectivesforwhichrespondentsusedthesurveyresults
(including multipleresponses)included thedraftingofR&D andtechnology
developmentplans(63%),thedraftingofbusinessplans(33%),andtheadministration
andpromotionofR&Dandtechnologydevelopmentplans(26%).Sixtypercentof
respondentsusedtheresulttodeterminetrendsinaspecifcteclmologyfield,while
40%expressedinterestinawiderangeoftechnologytrends.As fbrthetimeaxisof
thefわrecasts,59%ofrespondentswereinterestedinmedium-ten technologytrends(5
to10yearsintothefuture),22%inlong-termtrends(morethan10yearsintothefulure),
and18% in short-term trends(lessthan 5yearsintothefuture). Regardingthe
usefulnessofDelphisurveyresults,17%foundthemextremelyhelpful,70%somewhat
helpful.Thisassessmentofusefulnessmostlikelyreflectsthefactthatalthoughthe
maJOntyOfrespondentswereinterestedintrendslessthan10yearsintothefuture,80%
oftechnologleSexaminedbytheDelphisuⅣeywerethosefわrecastedtoberealized
between10and20yearsintothefuture.ReflectingtheincreaslngImportanceOf
teclmologytTorecastlngisthepercentageofrespondentswhoseetechnologyfbrecastlng
informationingeneralaseitherhighlyimportant(64%)orworthwhile(33%),andwho
believesuchinformationtobemoreimportantthan before(59%)orroughlyas
importantasbefore(3I%).
3.AssessmentorDelphiSuryeys
First,letusexaminehowtherealizationofpastforecastswasassessed.In1996,
membersoftheSixthTechnologyForecastSurveysubcommiteesassessed588(of
644)and549(of657)topics,respectively,ofthefirstandsecondsurveys,respectively
cariedoutin 1971and1976. 0ftheassessedtopICSinthe丘rstsurvey,26%are
"realized," 38% "partiallyrealized. Bydivision,informationhasthehighest
realizationrate,folowedbyfoodandagnculture,industryandresources,healthand
medicalcare,andsocialdevelopment.TherealizationrateinCludingpartialyrealized
topICSishighestin healthandmedicalcare,fTolowedbyfoodandagnculture,
information,industryandresources,andsocialdevelopment(Appendix2)･
Similarly,ofthetopicsaSSeSSedinthesecondsurvey,21% Weredeemed"realized:'
42%"partialyrealized,"and37%"unrealized/'Fieldswithahighrealizationrateare
spacedevelopment,information,industrialproduction,familylife,andfoodresources,
whilethosewithalow realizationratearewaterresources,so丘warescience,
transportation,environment,andforestresources. Therealizationrateincluding
partialyrealizedtopicsishighinspacedevelopmentandhealthandmedicalcare,and
lowinso丘warescienceandenergy(Appendix3).
Ⅰtshouldbenotedthat血isassessmentconsideredonlywhetheratechnologywas
deemed"realized"asof1996;itdidnotassesswhetherpastforecastedrealizationtimes
hadbeenaccurate･Further,becausesometechnologytopicsincludedmultipleaspects
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and/orhadambigultleS,the丘guresfor"partialyrealized"includenotonlycasesin
whichatechnologyhadbeenpartiallyrealized,butalsocasesinwhichtheexperts
disagreedonhowtointerprettheaspectsofatechnology.Nonetheless,realization
ratesincludingpartialyrealizedtopicsindicatethatroughlytwo-thirdsofthe
technologiesarePrOgFeSSlnginthemannerforecasted-qulteimpressiveforforecastsso
long-term inscope(30years). Itshouldalsobenoted,however,thatthereare
teclmologleSthathadsigni丘Cantimpactuponrealizationbutwhichhadnotbeen
addressedbytheforecasts.
Relationshipbetweendegreeofimportanceandrealizationrate
An HimpolanceindexMwascalculatedforeachtechnologytopictOelucidatethe
relationshipbetweenassesseddegreeofimportanceandrealizationrate.The丘rst
throughsixthsurveysassessedeachtopic'sdegreeofimportanceofbyasking
respondentstoselectoneoffourchoices:high,medium,low,orunnecessary.The
indexwasworkedoutfrom thefolowlngequation;theindexisloowhenal
respondentsindicate"high"and0whenallindicate"unnecessary"I
importanceindex=(100*Nh十50*Nm+25*Nl+0*Nu)/(Nh+Nm+Nl+Nu)
Nb=numberofHhighHresponses
Nm≡numberof…medium"responses
Nl=numberof‖low"responses
Nu=numberofHunnecessary"responses
Wh ilethereislitlediferencebetweentopicsWithahigh degreeandthosewithalow
degreeofimportanceintherealizationrate,thereisaslgni丘Cantdiferencein the
realizationrateinCludingpartialyrealizedtopics,Withthemoreimportanttopics
showlngamuchhigherrate.Am ongtopicsWithadegreeofimportanceindexof50or
more,thereisnomajordifference,andfortopicsWithalowdegreeofimportance,the
realizationrateincludingpalialyrealizedtopicsisqultelowindeed.
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Table4 Degree of im portanceandrealizationrate
Degreeofimportancindex NumberoftoplCS Realizationrate(%) Realizationrateincludngpartilyreaizedoics(%) Unrealizedrate(%)
First Second First Second First Second First Second
Survey Survey Survey Survey Survey Survey Survey Survey
Morethan90 10 65 24 18 78 63 22 37
90-80 120 100 25 16 59 58 41 42
80-70 45 83 ll 23 56 57 44 42
70-60 98 124 26 22 61 61 39 39
60-50 172 144 28 15 59 49 41 51
50-40 59 74 19 14 42 43 58 57
ForecastedrealiZ:ationtimeandrealizationrate
HereweclassifiedthetopICSbyfわrecastedrealizationtime,andcalculatedthe
realizationrateforeachtimeclassification. hboththe丘rstandsecondsurveys,the
earlierthetopicforecastedrealizationtime,thehighertherealizationrateandthe
realizationrateinCludingpartialyrealizedtopics.Moreover,topicsthatrecordeda
highpercentageof"wilnotberealized"responseshaveanextremelyhighunrealized
rate.
Table5 Forecastedrealizationtimeandrealizationrate(firstsurvey)
ForecastedrealizatiOntine NumberoftoplCS Realizationrate(%) Realizationrateincludngpartilyreaizedoics(%) Unrealizedrate(%)
-1980 29 45 86 14
1981-1985 212 37 76 24
1986-】990 244 20 59 41
1991-1995 75 9 35 65
1996-2000 47 9 26 74
200ト 37 3 22 78
UⅠⅡealized* 72 3 19 81
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Table6 Forecastedrealizationtimeandrealizationrate(secondsurvey)
Forecasted Numberof Realizationrateinchding Unrealized
realizationtime topics ealZat10nrate v partialyrealizedtopics(%) rate(%)
-1985 15 40 87 13
1986-1990 217 28 71 29
199ト1995 239 16 54 46
1996-2000 130 7 30 70
200ト2005 42 2 21 79
2006- 13 0 8 92
Unrealized * 20 0 10 90
*Topicswitha"wilnotberealized"responserateof30%ormore
InternationalComparisoJISOfDelphiSurveys
Althoughthefirstthroughfburth surveysoftheScienceandTechnologyAgency
limitedthemselvestoJapan,thesuⅣeyshavebecomemoreandmoreintemationalin
scope since the 丘fth survey,which cooperated with Germany to produce
Japanese-German comparisonsandaJOlntJapanese-German"Mini-Delphi"survey.
Francealsofolowedbyfわrecastsurveyofidentical topICSWithJapanese丘fth
one･German DelphiIandJapan'S丘fthsurveyexamineidenticaltopICSandsopermita
directcomparisonofresultsforbothcountries.As showninFig.I,bothcountries'
forecastscorespondqulteWelwithrespecttoforecastedrealizedtime･Eachpolntin
Fig.Irepresentsatopic.ThedifferencebetweenJapaneseandGerman forecasted
realizedtimeswaslessthanthreeyearsforroughly60%ofalltopics.This60%丘gure
can beinterpretedasindicatlngnearlycompleteagreementglVenthefactthat
respondents'choicesforrealizedtimewere丘ve-yeartimeperiods. Furthemore,
becausethissurveyaskedrespondentsaboutHrealizationinyourowncountry,"such
excelentagreementinresultsseⅣesasareminderoftheglobalscopeoftechnology.
Incontrast,considerablediferencesexistbetweenthetwocountries'assessmentofthe
importanceoftopics,indicatlngthestrongeffectofsocial,economic,geographicand
culturalfactors.
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Fig.1 ComparisonoftheJapaneseandGermanlimeofrlealizationofalthelopICS
???? ? ??????? ?っ???
??
??? ??
??
?
?? ??? ???? ? ? ?
?
????
1990 1995 2000 2005 2010 2015 2020 2025
Timeofrealiz:adon(Japan)
Fig.2 ComparisonoftheJapaneseandGermanimportanceofallthetopics
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4.ThePoliticalImplicationsofTechnologyForesight
BecauseJapan'stechnologyforecastsurveysthusinvolvesuchalargenumberof
leadingexpertsandemploystheDelphimethod,whichisdesignedtoreachaconsensus
amongagroupofexperts,howsuchconsensusrelatestopolicyformationandR&D
activity,forinstance,isahighlyintngumgproposition.
LetusthereforeconsiderpoliticalimplicationsinDelphi-basedtechnologyforesightin
comparisonwith pasttrendsinactualR&Dexpenditures･hvestmentinR&Dby
Japan'spublicandpnvatesectorsismonitoredbytheManagementandCoordination
Agencythrough surveysthatdetermineR&Dexpendituresbyobjective,andsomakeit
possibletotracechangesinJapan'soveralresearchspendingmenergy,infbmation
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technologyandseveral othercategories. Table7giveseachcategory'sshareof
Japan'stotalR&Dexpendituresineachsurveyyear.
Table7 Fourcategory'sshareofJapan'stotalR&Dexpenditure
Yew hforlnation(%)
1971 2.7
1972 2.8
1973 3.7
1974 3.3
1975 3.4
1976 3.5
1977 3.2
1978 3.2
1979 3.4
1980 3.1
1981 3.6
1982 3.8
1983 4.0
1984 4.9
1985 5.1
1986 5.4
1987 6.I
1988 7.0
1989 8.6
1990 8.6
1991 8.7
1992 7.8
1993 7,8
1994 7.8
1995 7.8
1996 9.4
1997 10.0
Environment(%) Lifescience(%) Energy(%)
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Thesedatashow thatenvironment-related research expenditures,forinstance,
accountedfわr3.5%ofthetotalinthe1970S,whenpolutioncontrolwasanurgent
domesticissue.EfTectivepolution-controlmeasuresalowedthispercentagetodrop
toroughlyI.6%inthe1980S,butitroseagaininthe1990swithheightenedawareness
ofglobalenvironmentalproblems.
TheimportanceindicesoftopicsteClmologyforecastsurveywereusedtocreatean
"DelphiindexMshowlngthedegreeofpriontyoftechnologicalareabyselectlngthe
upper30%ofthetopICSinimportanceindexandbygrouplngthesetopicsaccordingto
theirsubjectmaterinto the six categoriesof"information," "lifescience,"
- 1 3 4 -
"environment,""energy,"or"other,"andthendetermlnlngtheratioofeachcategory.
ThisratiobecametheDelphiindexforitsrespectivecategory.
Fig.3 Distdbutionofupper30%oftheimportanttopics(Delphiindex)
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Theratioforthecategoryof"environment"washighinthe1970S,declinedinthe
1980S,andonceagalnexhibitedanslngtendencyinthe1990S,thuscoresponding
closelytotheafbrementionedtrendin environment-relatedresearchexpenditures.
Graphs1through4visuallyindicatethecorrelationoftheDelphiindexinfour
categoriestoJapan'sactualtotalresearchexpenditures.Aclosecorrelationisseen
betweenthetwoforthethreecategoriesoftheenvironment,informationtechnology,
aLndenergy.Researchexpendituresfbrtheliftsciences,however,havebeenincluded
inthesurveyonlysince1982,makingcomparisondi組cultandresultinglntrendsthat
differsomeonefromthoseoftheotherthreecategories.Furthermore,becausethisis
thefirstatemptatthesystematicanalysisofDelphiforecastsoveran almost30-year
period,analysisoffurtherdepthisrequired.Nonetheless,theseresultsdemonstrate
howtechnologyfわrecastsa血vedatwiththepa血clpationofnumerousresearchersand
englneerSfromindustrialandothersectorsareanaccurateindicatorofnationaltrendsin
researchanddevelopmentinJapan.
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Fig4Energy
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Fig.6hformation
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5.Conclusion
hJapan,teclmologyforecaststhatarebasedontheparticipationofandconsensus
fTomedamOnglargenumbersofexpertshavefolowedaumquepathofdevelopment
owingtOtheuniqueCharacteristicsofJapan'sR&D infrastructure. Historical
experiencehasshownthisapproachtohaveconsiderablereliability,whileits
connectiontotheevolutionofmacro-levelR&DactivitylSalsoevident丘om the
corelationwith actualresearchexpenditures. h an intemational context,this
approachhasalsobeenadoptedin othercountriesbeginnlngin the1990S,and
comparativeresearchhasrevealedthatthenationsoftheworldnowshareacoⅡ皿On
awarenessofthefutureoutlookoftechnology. Atthesametime,however,
considerablediferences- onglnatmg in eachnation'ssocial and economic
circumstances-havealsobeenquantitativelyshowntoexistwithrespecttohoweach
nationassessestheimportanceofvarioustechnologleS.Suchknowledgebespeaksnot
Justtheneedforefortstoincreasethedepthandvalidityoftechnologyforesight,but
alsothepotentialbenefitofsucheforts.NISTEPhasbeguntheSeventhTechnology
ForecastSuⅣey,andintendstodevelopanewmethodologythroughit.
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Appendix1:SuⅣeyParametersofSixthsuⅣey
Degreeofexpertise
Degreeofi皿pO血ICetOJapan
Expectedefect
TimeofRealization
Curentleadingcountriesetc.
Effectivemeasuresthegovem皿ent
shouldadoptinJapan
PotentialproblemsinJapan
High M edium/Low/None
Highnuedium/LownJIueCeSSary
Contributiontosocioeconomicdevelopment
Resolutionofvariousprob】eznsofaglobalscale
Responsetopeople'sn聡ds
Expansionofhumanintelectualresources
2000-2004/2005-2009/20I0-2014/2015-2019/202012025/2026一介Jever/Don't
know
USA/EU/FormerSovietUnionandEastemEuropeancountries/Japan/Other
countries/Donotknow
FosterreseNChers,engmeersandresearchassistants
Enl1anCeSystemstOpromotepersonnelexchangesamongtheindustrial,
academicandgovemmentsectorsandcooperationamongdifferentfieldsof
scienceandteclmology
UpgradeadvancedR&DfacilitiesandequlPmentandmakethemavailable
fc-rmorewidespreaduse(covershcilitiesandequipn治ntatnational
reseNChinStitutions,universitiesandotherpublicreseaLrChinStitutions)
Developaresearchbasecomprisingdatabases,standardreferencematerial,
geneticresourcesandthelike
hcreasethegovemment'SfundingforreseNCh(includingresearchsubsidies
forprivatecompaniesetc.)
Adjustrelevantregulations(relax/toughen/establish/abolish;includingsuch
taj(measuresaSprOⅡX)tmgthewidespreaduseofelectriccarsby
introducingacartDntax)
Others(enterspecificmeasuresintheresponsecoluⅡm)
Adversee飴ctonthenaturalenv止onェnent
Adverseefectonsafety
Adverseeffectonmorals,cultureorsociety
Otheradverseeffects
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Appendix2 RealiZ.ationrateofassessedtoplCSin the色相ttechnologyforecastsurvey
Diyision Field As sessed Reali乙ation Partially Unrealized
toかcs rate(%) realizedrate rate(%)
(%)
Social lmproveI王妃ntOfclothingstandards
development lmprovezuntofhousingstBLndards
Leisure
Nationallandandurban
development
lmprovezKntOftrafficand
transportation
Preventionofpolution
lmprovingeducation
Subtotal
hformation Socioeconomicdemands
hforⅡmtionteclmology
Basicteclmology
Subtotal
Healthand Progressof血 icaldiagnosisand
medicalcare treatⅡ泣nt
Developmentofpreventive
medicine
Developmentofthemedicalcare
SyStem
Elucidationoflifephenomena
Huzm and血eenvironment
Medicaleducation
Others
Subtotal
Foodand
agriculture
Developmentoffoodmaterial
Systemsdevelopment
Developmentofcontroln近thods
Machinerydeyelopment
Subtotal
hdustryand Spacedevelopment
resources Marinedevelopment
Energydevelopment
Resourcesdevelopment
lncreaslngminingproduction
Materialdeyelopment
Subtotal
? ? ? ? ?? ?? ? ? ? ? ? ? ? ? ? ??? ? ? ? ? ? ? ? ? ? ? ? ? ?? ?
?
? ?? ? ? ? ? ? ? ? ?? ?? ?? ?
?
? ? ? ? ? ? ? ? ? ?? ? ? ?
45
27
30
65
15
? ? ? ? ?? ? ?? ?? ?? ? ?
? ? ? ? ? ? ? ? ? ? ? ? ?
? ? ? ? ? ? ? ? ? ?
?
?
? ? ?
? ? ?
Total
Appendix3: RealizationrateofassessedtopICSinthesecondtechnologyforecastsurvey
Field Assessedtopics
Realizationrate P打tialyrealized Unrealizedrate
(%) rate(%) (%)
Foodresources
Forestresources
Mineralresources
Waterresources
Energy
Environment
Safety
Familylife
Leisure
Education
Healthandmedicalcare
hbor
Transportation
Mormation
Construction
hdustrialproduction
Spacedevelopment
Marinedevelopment
Lifescience
So氏warescience
? ?
?
? ?? ?? ? ?
? ?
? ? ? ? ? ? ? ? ? ? ?
26 46 28
9 64 27
16 42 42?
? ?? ? ?
? ?
? ?
? ? ?? ? ? ?
?
? ? ?
38 63
10 76
49 45
55 28
31 41
30 60
50 38
66 17
50 30
35 60
22 36
55 30
39 31
50 6
50 29
54 23
18 78
42 37
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APECCenterfわrTechnologyForesight
ABSTRACT
TheAPECCenterforTechnologyForesightwassetupinFebruary1998.Ithas
p10neeredtheconceptofmulti-economyForesightandthepaperdescribesthe
methodologiesused,namelyscenarioanalysis,Delphisurveysandconsultation.Four
studieshavebeencarriedoutsofar.Theseare:WaterSupplyandManagementin
1998,TechnologyforLeamlngandCulturetogetherwithSustainableTransportin
1999,andHealthyFuturesforAPECMegacitiesin2000.
Thestudieshaveidenti丘edcriticalpolicylSSueSandthetechnologiesneededtodeal
withthem,andimplicationsfortheAPECregion.Therehasbeenstrongsupportfrom
APECeconomieswithscenarioanalysisbeingmoreeffectivethan Delphiduetothe
problemsofinterpretationofquestionsbyexpertshavingEnglishasasecond
language.
I.INTRODUCTION
UptilnowvirtualyaltechnologyForesighthasbeencamiedoutwithinthenation
state.Mostofthepapersatthisconferencefalintothatcategory.hprinciplethereis
noreasonwhyForesightcannotbeextendedtoregionstOlookattheirsocialand
economicneedsandaHhescientificandteclmologlCalopportunitiesforhelpingto
meetthoseneeds.HoweverthediversityofnationalandreglOnalculturesand
structureswithin aregionhasprovedtoodauntinguntilrecently(Martin and
Johnston1998).Theonlytwogroupsatemptingmulti-countryForesightarethe
APECCenterforTeclmologyForesightinBangkokandtheInstitutefわrProspective
TechnologlCalStudiesinSevile.Youwilhearofthem Sexperienceinthecontext
ofEuropehthenextpaper.
APEC(AsiaPaci丘cEconomicCooperation)isanextraordinarilydiversegroupof22
economiesalroundthePacificrim from New ZealandtoChile.Originalya
somewhatloosegroupingbasedonreductionoftarifstopromotetradeithas
developedbecauseofperceivedbenefitsofcooperationinvariousareassuchas
infrastructure,energy,transport,humanresourcesdevelopment,communicationsand
industrialscienceandtechnology.ThereareWorkingGroupswithregularmeetlngS
developlngcooperativeprojectsandreportlngtOMimsterialmeetings.TheAPEC
Centerfbmaly reportsto the hdustdalScienceand Technology Working
Group(ISTWG)buthaslinkstootherWorkingGroupsinareasofinteresL
TheAPECCenterwasintroducedearlierbyDrChatriSripalPan.SinceitsinceptlOn
ineady1998theAPECCenterhastackledanumberofmulti-economystudiesand
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thispaperdiscussesthemethodologleSuSedandthelessonsleanedsofartA
preliminarydiscussionoftheissueshasbeenglVenbyJewellandSripalPan1998･
As partofthebackgroundtosetlnguPtheAPECCenterasurveyofAPEC
economiesidentifiedalistofmorethan 50possibletopicsOfconcem･,thesewere
discussedbyoverlooparticIPantSfrom16economiesataForesightSymposiumin
ChiangMaiinmid1997(APECCenter1997).Theyweresplitintothreecategories:
environmentalprotection/clean green energy;watersupply/food supply;
Communications/creativetechnologleSandpnoritieswereassigned.TheseInputs
weresubsequentlyusedinselectlngtopicsfわrstudy･
PriortotheselectionoftoplCStheAPECCenterdevelopedanumberofcdteriaas:
.theissuemustbeofconcemtomostAPECeconomies,WithatleastfouragreelngtO
particIPateinthestudy;
.theissuemusttranscendnationalboundaries,sothatitcangobeyondwhatmightbe
achievedbyanationalorbi-lateralstudy;
.theremustbepotentialforsharingresultswithalAPECmembers',
.theissuemustbeofgeneral,publicconcemorbene丘tandnotonelikelytobedealt
withbythepnvatesector･,and丘nally
.theissuewilhaveimportanttechnologicalcomponentsbutnotnecessarily'high
tech'ones.
Thestudiestobeconsideredare:WaterSupplyandManagement;Technologyfor
LeamlngandCulture;SustainableTransport,andHealthyCities.The丘rsttwouseda
combinationofscenariowntlngandDelphisurveywhilethelatertwousedscenario
wntlngandconsultation.
2.WATERSUPPLYAND MANAGEMEPW (seealsoJewelandSripaipan1997)
ThistopicWasClearlyidentifiedasofhighimportanceattheChiangMaimeetlngand
metthecriterianotedabove.Thuswaterproblemsarenotlimitedtodeveloplng
countries- "Curentpatemsofwateruseindevelopingcountries,countrieswith
economiesintransitionandindustrialisedcountriesalikeareoftennotsustainable"
andcannotbeaddressedatanationallevel-"Apartfromislandcountriesalmostal
countriesareinVolvedintheproblemsofintemationalriverbasinstosomeexlenL"
(extractsfromtheIssuesPaper)
Forthis丘rstmulti-economystudytheAPECCenterdecidedtouseacombinationof
scenariOanalysISandDelphi･Thescenarioanalysisaimedtogetasmallgroupof
APECexpertstogethertoidentifytheissuesandtheDelphiaimedtoinvolveamuch
largergroupofexpertsandstakeholdersandtoseektheiroplnions･
Tosetthescene an IssuesPaperwaspreparedinearly1998byan Australian
consultantcovenng血esupply,managementanduseoftheworld'swaterresources
andthisidentifiedkeylSSueSandpolicyoptlOnS･ThiswascirculatedtoExperts
nominatedbyAPEC economiesafteraninvitationsentthroughoficialAPEC
channels.TheExperts,tenfromnineeconomies,werethenbroughttogetherfora
WorkshopatHuaHim,ThailandinMay1998.Expertsofferedbriefpresentations
aboutwaterissuesintheirowneconomywhichalowedissuesofmutualconcemto
emergeclearly･Ascenariobuildingprocesswasthencamiedoutoveroneandahalf
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days･Havingidentifiedl5'uncertainties'andratedthemaccordingtotheirlikely
impactanddegreeofuncertainty,theExpertsweredividedintothreegroupswith
eachgroupasslgnedadifTerentsetofscenariologlCS.Thegroupsexploredthese
logicsfromthepolntOfviewofpeoplelookingbackfromtheyear2010attheevents
whichledtothe`pFeSent'situation･Theoutputsofthesegroupswerethendra允edinto
consistentscenariosbythefacilitatorandrefinedbythegroups.Finallytopicsfora
Delphistudywereidentiaed.
TheDelphitopicsWererefinedintoclearconcisequestionsbytheAPECCenterwith
assistancefromexpertsandconsultants.The丘rstroundquestionnairecontained58
topicsCOVenngtechnology,resourceandpolicyIssues.Thedetailswilbecoveredby
DrShinin alaterpaper,particularlytheissueofinventionversusdifusionof
technologywhichis血emom inmostAPECeconomies.
Thesampleof605expertswasobtainedthroughtheExperts,ISTWGandcontactsby
theAPECCenter.Theresponseratetothefirstroundwasabout19percent,desplte
activefolow-up.Basedonthecommentsandsuggestionsofrespondentsthe
questionnaireforthesecondroundwasrevisedandafurther6questionsadded.The
responseratetothesecondroundwasabout59percenLFuldetailsareglVeninVo1
20fthereport(APECCenter1999b).
BasedontheinputsfromtheWorkshopandtheDelphiaconcisepolicystatement
highlightingtheoutcomes,bothin termsofdesirablepolicyandofenabling
teclmologies,wasprepared(APECCenter1999a)andcopieswerecirculatedtoal
APECeconomiesthroughtheAPECcontactpolntS.
Post-Foresightactivitieshaveincludedpresentationsanddiscussionswithexpertsand
stakeholdersinHongKong,Manila,KualaLumpurandBangkokduring1999･A
furtherpresentationisscheduledinMexicoCityinmid2000･
Thestudyitselfoccupiedabout12monthsfromcommissionlngOftheIssuesPaperto
publicationofthepolicyreportwiththevolumeofsupportlngmaterialamonthor
twolater,Howeveritisclearthatthepost-Foresightphasewilcontinuetotheendof
2000.ThislongperiodmakesevaluationdifBcult.
3.TECHNOLOGYFORLEARNmGAND CULTURE
Thistopicemergedasofimportancefrom theChiangMaimeetlngandmetthe
criterianotedearlier.AgainitsimportanceandrelevancetotheAPECreg10nCalnOt
bedisputed.Thus:…ThediscussionontheimpactofICTontheeconomy,trade,
leamlngandculturehasbeeninthefわrefrontofmanypeople'sthinkingformany
years..TheincreasinguseOfICTrequlreSaflexibleandadaptablecitizenry,new
formsofworkandnewformsoforganization"(extractfromaConsultant'spaper)･
Forthissecondmulti-economystudytheAPECCenterdecidedtousethesame
methodologyasintheWaterstudy,buildingonthechalengesidenti丘edthere:
.familiarisationoftheparticipantsWiththeprocessesandanticIPatedoutcomesof
Foresight;
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.establishmentofthenecessaryleglt皿aCyandcredibility ofthestudyandits
丘ndings;
.thecommitmentofnationalexpertstoaprojectwhosegenesisliesoutsidetheirown
system,structuresandcommunites;
.血euseofEnglishastheonlylanguageoftheprq】∝t;
.determinationoftheAPECperspective',and
.transfomationofgeneriC丘ndingsintocountry-speci丘Coutcomes.
TosetthesceneanlssuesPaperwaspreparedbytheNationalResearchCouncilof
Canada(NRC)in1ate1998andpresentedtoapublicmeetinginBangkokalongwith
presentationsbyotherspeakersonthetopic.Theenthusiasticresponsefrom the
audienceofabout200peoplehighlightedtherelevanceofthetopic.
ExpertsweresoughtfromAPECeconomiesthroughofncialchannelsandtheIssues
Paperwasci1℃ulated.ItwasalsoplacedontheAPECCenterwebsite.NRCalso
providedanextemalConsultantwhopreparedanadditionalDiscussionPaper.The
nominatedExperts,twentysevenfromtwelveeconomies,werebroughttogetherfわra
WorkshopinVancouverinMay1999,stronglysupportedbyNRC.
ThefomatoftheWorkshopwassimilartothatoftheWaterstudybutinthiscasethe
computerliteracyofthegroupwashigh anditwaspossibletorapidlyzleCOrdand
feedbacktheoutcomesofgroupdeliberationsandtodevelopscenariosinmoredetail.
TheuseofcomputersalsoenabledabeterdevelopmentoftheDelphiissuesonan
interactivebasis.ItwasthuspossibletoproduceafulreportoftheWorkshopsoon
aftertheWorkshop(APECCenter1999C)andputitontheAPECCenterwebsite.
HowevertheformulationoftheDelphiagaintooksometimeevenwithinteraction
withtheExpertsandConsultants.Thefirstroundquestionnairecontained51topics
covenngteclmologleS,management,COntentSandleamlngresources,Govemment
policies,humanresourcedevelopmentandculture.Asimilarsetofhnovationstages
wasusedrecognlSlngthatdifusionwasprobablythemainmodeoftechnology
transfer･Againthecommentsandsuggeslionsfromrespondentswereverysearching･
ParticipantsintheDelphiweresoughtthrough avarietyofsourcesandasampleof
520wasobtainedwitharesponserateof26percent,afteractivefolow-up.hthe
secondroundanotherquestionwasaddedandspecificdetailsweresoughtonthe
situationineachrespondingeconomy.Theresponseratewasonly46percent;this
mayindicateareactionagalnStdealingwithamorecomplexquestionnaire.Ful
detailsareinVol.2ofthereport(APECCenter2000b).
AgainbasedontheoutcomesfromtheWorkshopandtheDelphi,aconcisepolicy
statement highlighting desirable policies and enabling technologleS Was
produced(APECCenter2000a).Thiswilbecirculatedwidelyandaprogram ofpost-
Foresightactivitesdeveloped.Thestudyoccupiedsome16monthSfromproduction
of也eISSueSPapertopublicationof血epolicydocumentwiththevolumeof
supportlngmaterialamonthorsolater.
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4.StJSTAINABLETRANSPORT
ThistoplCtogetherwith HealthyCitieswasidentifiedasapnontyonedmingthe
ChiangMaimeetlngandtogetherwithWaterSupplyandManagementwasseenby
theAPECCenterascontributingtoviewsonthelargertopicOftheFutureof
Megacities･Thetopicmetthecriterianotedaboveandagainitsimportancewasclear:
"Thenetsocialcostsoftrafficcongestionarehighinmostindustrialisedcounrties,
generalybeingequlValenttobetweentwotothreepercentofGDP.Theyarealot
higherindevelopingcountrieswithrelativelysmalllandareasdevotedtotransport
arteries,poordesignoftransportsystemsandlackofmaintenance.〟(extractfromthe
∫ssuesPaper).
Forthisthirdmulti-economystudy,becauseofthematerialacailableandtheheavy
loadimposedonAPECCenterstaffbytheuseofDelphiintermsofidentificationof
experts,fTolow-upandprocessmg,itwasdecidedtouseacombinationofscenario
analysis,literaturereviewandconsultation.,withaConsultantpartlCIPatlngStrongly
throughoutthestudy.
Tosetthescenean∫ssuesPaperwaspreparedbyanAustralianConsultant血.omthe
Centre forStrategicEconomic Studies(CSES)atthe VictoriaUniversity of
TechnologyinApril1999･ThiswasdistributedtoExpertsnominatedbyAPEC
economiesandplacedontheAPECCenterwebsite.SixteenExpertsfrom seven
economieswerebroughttogetherforaWorkshopatCSESinMelboumeinJuly1999,
withsupportfromtheAustralianDepartmentofhdustry,ScienceandResources.
TheformatoftheWorkshopwassimilartothatoftheprevioustwostudies.Agalnthe
useofcomputersenabledarapidfreed-backfrolngroupdeliberationsandalowed
timeforadeliaileddiscussionofpolicyImplicationsandpnoritisationofactions.It
wasalsopossibletoproducearecordofthemeetlngfTorparticipantstOtakeawaywith
them(APECCenter1999d).
TheConsultantthenrevisedtheIssuesPaperandcontinuedanintensivesurveyofthe
literature.Heproducedtwomoredraftreportsforinteractivediscussionwiththe
Expertsandotherinterestedpa血esandpresenteda丘nalreporttoameetlngm
BangkokinDecember1999.HealsospenHimewithThaiofficialsfromtheMinistry
ofTransportandCommunicationsontheMasterPlan to2006andfromtheBangkok
MunicipalAdministration.
Apolicystatementwaspreparedinearly2000(APECCenter2000C)andthiswilbe
distributedtoAPECeconomiestogetherwiththefulreport(APECCenter2000d).A
programofpost-Foresightactivitieswilbedeveloped.Thestudytookabouteleven
monthsfromcomi ssionlngOftheIssuesPapertopublicationofthereports.
5.HEALTHYCITIES
Againthissatisfiesthecriteriaforan APECstudy andisofpresslngSignificance
as:"UrbanisationhasbeenparticularlypronouncedintheAsian andPacificreg10nin
thesecondhalfofthe20th century･･･Bytheyear2025Asiawilbecome
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predominantlyuぬanisedwithanurbanpopulationof2.5bilionor55percentofthe
totalpopulation"(extractfromanAsianDevelopmentBankreport1999).
Forthisfourthmulti-economystudytheAPECCenterisuslngamOdiBedscenarios
approachbecauseof血ebreadthofthetoplCandtheconsiderableactivltympmgreSS
through theWorldHealthOrganisation.ThustosetthesceneaDiscussionPaperwas
preparedbyexpertsfromtheKenanInstituteofPrivateEnterpnseattheUniversltyOf
NorthCarolinaandfromtheCenterforDiseaseControlatAtlanta.Thiswasthen
circulatedtoasmallgroupofinvitedExpertsincludingfrom theWorldHealth
Organisation.ThisCoreGroupmettogetherinBangkokin February2000and
identはedtheissuesforthestudy･Withtheassistanceofan Australian Consultant
theydevelopedthreescenariosf♭rHealthyCitiesh2020.
Thesescenariosarebeingfurtherdevelopedandwilform an mputtoamuchlarger
WorkshoptobeheldinBangkokinMay2000.ThiswilinvolvenominatedExperts
inabroadrangeofdiscIPlinesandwilusethescenariostoexaminepolicy
implicationsandactions･IthopedtoproduceamajorPOlicydocumentbylate2000
andthattheExpertswilassistinimplementation.
6.DISCUSSION
Asnotedinthehtroductionaprelimnarydiscussionofsomeoftheissuesinmulti-
economyForesighthavebeenglVenbyJewelandSripalPan1998.Basedonthe
furtherexperiencenotedabovewecanexpandthediscussion.
6.1IssuesandDisctLSSionPapers
ThefourstudieshaveinvolvedtechnologyandpolicylSSueS丘.om thestartnot
supnslnglysincetheyalinvolveissueslinkingtechnologyandsociety.htwocases
thepapershavebeencommissionedbytheAPECCenterwhileintheothertwothey
havebeenproducedbygroupstakingakeeninterestinthestudyfromthestartand
thushavingastrongsenseofownership.Thepapershavebeenavitalinputtothe
Workshopsandbyplacingthem ontheAPECwebsiteawidergrouphasbeen
involved.
6.2Scenario-BuildingWorkshops
ThesehavealbeenfacilitatedbyexperiencedConsultantsfromAPECeconomies
andthishasbeenimportantinensunngusefuloutputssincetheWorkshopshave
involvedseniorExpertsfTromvariousdisciplinesandinstitutionalselings(academia
publicsectorandprivateenterprise)whohadnotmetbefore.Furthermostofthe
ExpertswerecompletelynewtoForesightandscenario-buildingandmostwereuslng
Englishasasecondlanguage･TheAPECCenterstaffhavebecomeincrleaSlngly
competentinsmalgroupfacilitationwithpeoplefromdiferentcultures.Finalythe
APECCenterhasnotbeenabletoexertanycontroloverselectionofExpertsand
hencequalityofparticipantshasbeenvariable.
ThescenarioexerciseshavesucceededinencouraglngtheparticipantstOlookbeyond
theirdailyconcemsandintothelonger-term futuzle,aleapofimaginationgreatly
assistedbyastructuredapproachofidentificationofissues,establishingkeydrivers,
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identifyinguncertaintiesandthendevelopingscenarios.Astheirexperiencegrowsthe
APECCenterstaffandConsultantshavedevelopedtheuseofcomputersinthe
Workshopsasnotedabove.
ThestrongsupportofinStitutionsoutsideThailandasnotedabove,fromNRCwith
TechnologyforLeamlngandCultureinVancouverandfromCSESwithSustainable
TransportinMelboume,hascontributedtothedevelopmentofapresenceoutside
Bangkokasonglnalyenvisaged.TherecentlnPutSfrom USinStitutionsin the
HealthyCitiesstudyarealsoimportantinthisregard.
ThecommentsfromtheExpertsatendingtheWorkshopshavebeenverypositiveand
itappearsthatsomeusefu1andlastlnglinkshavebeenforged.TheExpertscanplaya
mleinthepost-Foresightactivities.Howeveritisclearthatlinksneedtobe
developedwithkeyInstitutionsineconomiesatanearlierstageofstudiestobuildup
strongerandwidernetworks.
6.3DelphiSurveys
Wh ilethetwoDelphiSurveyshavebeenusefulinengaglngaWiderangeofexperts
andstakeholdersanumberoffeatureshaveemergedthataredifferenttonational
suⅣeys.DrShinwilcoverthedetailsoftheDelphiSuⅣeyslaterbutitisworm
makingsomecommentshere.
.CoITPOSitionofthesaTPles.ThesampleshavebeenobtainedthroughtheExperts
whoatendedtheWorkshops,throughISTWGandthmughcontactsbytheAPEC
Center,TheAPECCenterhasthusexertedlitleinfluenceofthesampleswhichcannot
beviewedasrepresentativeofalexpedsineacheconomy.Thedegreeofresponse
variedbetweeneconomiesandreachedagoodlevelwhenanenthusiastemergedfrom
theWorkshopprocess.ThisisparticularlytrueofsmalereconomiessuchasHong
KongChina,ChineseTaipei,MalayslaandThailand.
Thenumbersinvolvedarewelbelowthelevelofonethousandorsoexpertsdeemed
byOECDtothenumberrequiredforstatisticalysignificantresults(Martin1996)･
HowevertheresultsgeneralyconfirmedtheviewsdevelopedintheWorkshopson
therelativeimportanceoftopICSandtheirlikelyrealisationandthislendscredibility
to山eresults.
.Constructionofquestionnaire. Wh ilebroadbrushDelphiquestionscouldbe
identiBedattheWorkshopsitprovedtime-consumlngandoftendifficulttoconstruct
statementsinEnglishthatwereunambiguousandwelde丘ned.Sincemostofthe
respondentswerenon-nativeEnglishspeakerstherewereclearlyopportunitiesformis
interpretationandthiswasreflectedinthecom entshTOmrespondents.TheGerman
experienceofusingtheJapaneseDelphiquestionsinacomparativestudyunderlines
theproblemsofinterpretationfromanotherlanguage(Grupp1996)･
ThenumberofparameterswaskepttoaminimuminviewofthecomplexltyOf
considering both an oⅥleCOnOmy and an APEC view.Neverthelessthe
accompanyingnotesandexplanationswerecomplicatedandthisalsoledtosome
confusionasexpressedinthecomments.
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･Re甲OnSetOquestionnaire.GiventhecomplexltyofDelphiSurveysafairlylow
responserateisnotunexpected:indeed"Asaruleofthumb,detailedandtime-
consumlngquestionnairesurveyswitharesponserateofsome15-20percentare
consideredsuccessful"(Grupp1996).hGermanywhenDelphiwasusedforthe丘rst
timetheresponseratewasabout30percent.hthetwoAPECDelphiSuⅣeysthe
ratesinthefirstroundswere19and26percentwhichcouldbeconsideredsuccessful
on血enleabove.
Onthesecondmunds血eresponseratesof59and46percentwerelowerthan血e
acceptedfigureofabout80percent.Thismayindicateaculturalreactionagainst
dealingwi血acomplexquestionnairef♭rasecondtime･
7.CONCLUSION
Thispapercoversfourmulti-economyForesightstudiesconductedoveratwoyear
periodandclearlytheAPECCenterisstilinaleammgprocess･AsOECDhas
concludednoindividualForesightapproachisperfectandeachhasitsstrengthSand
weaknesses(Martin1996).
TheAPECCenterhasusedscenario-wntlngaSabasictoolandithasproved
successfulinidentifyingissTePanddevelopingpolicyoptions･Howeveritis
necessarilyasmalgroupactlVltyandthelongerten networkingofpartlCIPantS
needsnurtunng.Scenarioslinkedtoliteraturereviewsandtoconsultationshave
proveduseful.
TheDelphiapproachofersthepotentialtoreachalargergrouplnanOnymitybutit
requlreSmuchmoreeffortbothtosecureasuficientnumberofpartlCIPantSandto
ensurethatarangeofeconomiesarerepresented.Someoftheproblemsof
interpretationandofoⅥlerShipoftheDelphicouldpe血apsbeovercomebyuslngthe
firstroundoftheDelphiinastructuredwaytogenerateasetofissueswhichcould
thenform thebasisforfurtherroundsofdetailedquestions.
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Abstract
The'Futures'proJeCt,OrganisedbytheInstituteforProspectiveandTechnological
Studieswaslaunchedinmid-1998toexploretheeffectsoftechnologlCal,economic,
politicalandsocialdriversonsociety.
Nearly200expertsbroughttogetherbyIPTS,OneoftheeightinstitutesoftheEuropean
Commission'sJointResearchCentre,identifiedtheissuesthatwilhaveamajorimpact
onthewayweworkandliveinEurope duringthenexttenyearS･Thepresentationofthe
FuturesprojectfocusedonthedevelopmentoftheproJeCtandhighlightedsomeresults･
Introduction
ThetechnologlCal,economicandpoliticallandscapeofEuropeisundergolngProfound
and血amaticchangesJnfomationandCommunicationTechnologleSaredevelopingata
ferociouspace･TogetherwithbreakthroughsinLifeSciences,thesetechnologleSare
transformingthewayweliveandthewaywework,whilethesinglecurrency,the
enlargementoftheEU,demographicchanges,sustainabilityconcernsand也ewider
contextofglobalisationaretransformingOureconomy.Eachofthese"trendbreaks"isin
itselfachalenge･Thefactthattheywiloccursimultaneouslyoverthenexttenyears,
andstronglyinteractwitheachother,isevenmorechalengingformostpolicyareasand
inparticularpoliciesrelatlngtOtechnology,competitivenessandemployment･
hunchedin1998,theIPTSFuturesProjectaimedatexaminlngtheindividualand
combinedefectsofthesetechnological,economic,politicalandsocialdriversathorizon
2010.
Seefigure:1
ToaddresstheseissuesindepthandwithacrossISeCtOrPerspective,theprocessofthe
Projectbroughttogethernearly200expertsandpolicymakers,drawnfromindusb-y,
academiaandgovernmenttotakepartinaseriesofbrainstormingsessions,seminarsand
workshops
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TheprocessandtheTimetable
(Seefigure2)
h 1999fourpanelsofexperts(thatstartedworkingalreadyin1998),wereableto
producepanelreportsonthefolowingissues:DemographicandSocialTTmds;
InfomlationCommunicationTechnologiesandtheInformationSociety,･Llfesciencesand
theFrontieT･SOfLlfe;NatwalResourcesandtheEnvironment.Theresultsoftheworkof
thepanelswerepresentedandextensivelydiscussedataseminarthattookplacein
Brusselsmid1999wheremorethan80expertstookpart･
hthesecondhalfof1999,theprojectinvestlgatedtheimpactofthe"trendbreaks"on
European technology, employment, competitiveness, and the chalenges and
opportunitesofthreecrossICutmgIssuesWhichwilplayaroleonthewayEuropewil
looklikein2010.Enlargementthatwilbeunderwayandwilundoubtedlyextendthe
scaleofEuropeanUnionandsb.engthenitseconomicandsocialtieswiththesurounding
counb･ies,toform thekeyeconomicpoleoftheworldeconomy･Knowledgeand
Leamlng,WilcontributedeterminlngEurope'sfutureglobalpositionanditsprosperlty･
Prosperitydependsoncontinuouslearnlng-alargepartofeconomicgrowthisdueto
newandbeterknowledge.EU-WideexcelenceinknowledgeandlearnlngrequlreS
concertedpolicyeffortsfocuslngOnthreedifferent,interrelatedlevels:thepersonlevel,
thefirmlevelandthe'system'orcommunltylevel.ThethirdissuewasTheSocietalbil
thatfocussedonthenexttenyearsEuropeanpublicfinance,whichisgoingtOconfronta
numberofmajorChoices･hthetimehorizonconsidered,developmentscanreasonably
beexpectedtoaffectthefinanclngOfpensionssystems,socialprotection,healthcare
systems,educationandnecessarylnVeStmentSforanenvironmentalysustainablesociety.
TheworkconsistedofadetailedanalystsOftheseissuesandoftherelatedpolicyoptlOnS･
ForeachtopicareportWasProduced.Thedraftsofthesereportswerepresentedand
discussedinworkshops,whereexpertsonthesubjectswereinvitedtocommentonthe
reports･
TechnologyMap
TheTechnologyMaplSaEuropeanlevelanalysisofsixtechnologysectors,Information
andCom unicationTechnologies,LifeSciences,Energy,EnvironmentalandClean
Production TechnologleS, Materials and Related Technologies and Transport
TechnologleS.TheanalysisexaminesaselectionoftechnologleSineachsectorand
focusesonthetimetableforcommercialisation,thesけengthorweaknessofEuropeand
therelativeimportanceofthetechnologiesforeconomicandsocialdevelopment.Europe
hasareasofclearleadershipthatwilcreateopportunitiesforthefutureglVenthetrends
identifiedintheFuturesProject･Therearealsosomecriticalgapsthatdemandatention
inordertoprotectEurope7Spositioninthetechnologicalvanguard.
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EmploymentMap
FourkeythemesforthecomlngyearsareanalysedintheEmploymentmap.First,the
Europeanworkforcewilagesignificantlyandstarttoshrink.Second,fasttechnological
changeespecialylnInformationandCommunicationTechnologieswilcreatehardto
matchdemandsfortechnologyrelatedskils.Third,thetransitiontoa"MosaicSociety"
winincreasedemandsforpersonalservices.Manyjobswilbecreatedbutwhatkindsof
jobs?Fourth,Europefacesapotentialknowledgeparadox,inwhichnewpaternsof
flexibihtylnWOrkcontractmayleadtounderinvestmenthumanresources.Theresult
couldputabrakeonEuropeSーcompetitivenessandgrowthintheemerglngknowledge
eCOnOmy･
CompetitivenessMap
ThecompetltivenessmapanalysesthemainchalengesandopportunitiesforEurope-s
economyonthetimehorizon2010inordertoindicateareasthatwilrequlretheatention
ofEuropean policyinthenextyears.Inthefirstpart,emerglngareaSOfgrowthofthe
Europeaneconomyareidentified,takingIntoaccountCOnSumPt10nb-endsandproduction
strengthsandpotentials･Thesecondpartconcenhatesonthegeographicdistributionof
economicactivities,bothwithinEurope andglobaly.Inthisrespect,theaccessionof
newMemberStatesrepresentsaparticularlyimportantdriverofchange･Thethirdpart
looksattheorganisatiOnalchalengesatfirm andmarketlevelinrespondingtoa
globalised,andincreasmglydigitised,economy.
KnowledgeandLearnlng
ContinuouslearnlnglSVitaltosustainlngprosperity-alargepartofeconomicgrowthis
duetonewandbeterbowledge.EU-Wideexcelenceinknowledgeandlearnlng
requiresCOnCertedpolicyeffortsfocuslngOnthreedifferent,interrelatedlevels.For
individuals,themainissuesareeducation-and-trainlng-Systemreformtoraiseliteracy
levels,mltlgateSkil-Shortagesandfostertruehfelonglearnlng.Fororganisations,the
chalengesaretobeterexploittheproductivltyandemciencygalnSOfexternal
networkingandinternalknowledgemanagement.ForaLearnlngEuropethediversityOf
knowledgeandlearningtraditionsofcitizens,organisations,regionsandnationsmustbe
preserved,deepened,butalsoharnessedforthegreaterandsharedprosperityOfal
Europeans･Thismustreflectinbothspecificlearnlng-POhcyactionsandapolicylearnlng
processitself.
Enlargement
EnlargementisoneofthemostambitiousplansontheEuropeanAgendaforthenextten
yearsanditwilhaveadirectimpactonalthreeofthemainpolicyareasoftheIPTS
FuturesProject-technology,employmentandcompetitiveness･Thepotentialgainsfor
Europeasawholearesubstantial,butitisalong-termproJeCt･Inthecomingyearsmany
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ofthecandidatecounb'ieswilbeintransitonfromagrlCultureandrelativelylowIValue
industrytomoretechnologyIntensiveandservicebased"knowledgeeconomies'.This
wilrequirebuildingonstrengthssuchasahighlyeducatedworkforceandrelativelylow
labourcosts.TargetedtrainlngOfskiledpeoplewilbeessentialtoovercomestructural
mismatchesandtoreducecurrentunemployment.Thesuccessofthetransitionwil
howeverdependonthecontinulngabihtytoatb'actinvestmentfromforeignsourcesand
tobuildupthedomesticcapacitytOinvest,throughrestructurlngOfthefinancialand
institutionalsystems.
Financingthesocietalbil
SeveralwavesofnewdemandseemtobehitingEurope'ssocietalsystemsatonce.The
agemgofEuropeanSocietywinraisepensiondemands･Thelong-termriseinhealth
expenditurewilbeacceleratedbyageingandbydemandsfornewmedical b'eatments･
FastteclmologiCalChangeandtheknowledgeeconomywilpromoteincreaseddemand
forinvestmentsineducationandb･ainlng.Europeansincreasinglywantacleaner
environmentandthefinancialimplicationsofdealingwithglobalchmateissuesneedto
beaddressed･AsSesslngandthenimplementlngSb･ategleStOtacklethesechalengeswil
也akeyissueforthenexttenyears.
ThecontentsofthereportswaspresentedattheIPTSFuturesConferencethattookplace
inFebruary2000andgatheredabout600Policymakersandexperts.
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MainAchievementsandpublicationsin1999
SeriesNo Title Authors EURNutnber
1 TheFuturesPrqect:Overview FabianaScapolo(ⅠPTS)GustvoFahrenkrog(ⅠPTS) EUR18731EN
2 DemograpbicandSocialTrendsPanelReport JamesPGaVigan(ⅠPTS)MathiasOtttschCeliaGreaVes(CEST-UK) EUR18729EN
3 Information and Commumication KenDucatel(ⅠPTS) EUR18730EN
Technologiesandthelnformation Society Jean-C1audeBurgelnan(IPTS)
PanelReport JeremyHowels(PREST-UK)ErikBohlin(IPTS)MathiasOttischⅠPT )
4 LifeSciencesandt.heFrontierofLifePane1ThomasMtinker(ⅠPTS) EUR18743EN
Report PerSOrup(IPTS)DoloresⅠbarreta(ⅠPTS)KainRos6n(SAUL),AnettSchmit(VDⅠ)01VerWolf(ⅠPTS)
5 NaturalResourcesand theEnvironment PerSOrup(IPTS)andTomGameson(IPTS) EUR18970EN
PanelReport With contributionsfrom.IgnacioCaleja,HectorHernandez,AdelieK l,Anton Soria ndAstridZwick(ⅠPTS)
6 DemographicandSocialTrendsⅠEiSuePaper:Dr.DavidMercer(TheFuturesObservatory,Open EUR18968EN
TheFutureorEducationinEt】LrOpeuntil2010 BusinessSchool,UK)
7 DemographicandSocialTrendsⅠsiSuePaper:Prof.Richard Scase (Ⅰnstitute fbr Social and EUR18969EN
8 DemographicandSocialTrendsIssuePaper:G6ryCoomans (InstitutdeSciencesMath6matiques EUR18967EN
Europe'sChangingDemographyConstraints dBottlnecks etEconomiquesAppliqu6es)
ll TechnologyMap EamonCahil(ⅠPTS)FbiaaScapolo(ⅠPTS) EUR19031EN
12 The CompetitiVeness map:AVenues fbr K.MatthiasWeber(ⅠPTS) EUR19032EN
Growth MarioZappacosta(ⅠPTS)FbanaScplo(IPTS)
13 EmploymentMap:jobs,skilandworkinglife KenDucatel(ⅠPTS) EUR19033EN
Ontheroadt02010 Jean-ClaudeBlrgelman(ⅠPTS)
14 Knowledge and Learming - Towards a JamesPGaVigan(ⅠPTS) EUR19034EN
LeardngEurope MathiasOttitsch(ⅠPTS)SmiMahroum(ⅠPTS)
15 Thewiderpicture:enlargementandcohesion KenDucatel(ⅠPTS) EUR19035EN
inEurope WernerMeske(ⅠPTS)K.MatthiaW ber(ⅠPTS)
16 TheSocietalBil:FinancingSocialProtection GustaVoFahrenkrog(ⅠPTS) EUR19036EN
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DELPHISTUDYATTHEMULTI-COUNTRYLEVEL:
GAINSANDLIMITATIONS
TaeyoungShin
Director,hdustrialhnovationStudies
ScienceandTechnologyPolicyhstitute
Tel:(822)500-3248/Fax:(822)503-7656
E-mail:tshin@steDi.re.kr
ABTRACT
ThispresentationdiscussessomeexperienceinundertakingDelphifortechnology
foresightattheintemationallevel.AlthoughDelphiisan effTectivemethod,therehave
beenanumberofdifficulties.Am ongothers,majorimpedimentswerecreatedduetowide-
ranglngSOCio-economicbackgroundsoftheAPECmembereconomies,difBcultiesin
recruitmentofexpertsforthepanelandkeepingtheminthepanelthroughouttheexercise,
andEnglishasasecondlanguage.Althoughitwasnoteasytoobtainslgnificantresults
becauseofthem,Delphiwasan efectivemethodtoidentifyS&TissuesfortheAPEC
reglOn.Itwasalsoabletodrawsomegeneraltrends,threatsandopportunitiesofscience
andtechnologyinthereglOn.MoreeffortsfordeveloplngTFmethodologleSfor
multinationalexerciseshouldbemade,whichdoesnotdecreasethevalueofmultinational
cooperationintechnologyfわresight.
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1.m RODUCTION
□As knowledgebecomesanimportantassetinsocio-∝onomicactivities,awarenessofS&T
hasbeenincreasedrapidly.Morerationalsystemisrequiredforresourceallocation･However,
managementofandpolicy-makingf♭rS&Tactivitiesarerelativelynewconceptinmany
countries.lmprovingdecision-making,technologyforesightdrawsagreatdealofatention
recently.Leamlngfrom Japaneseexperience,TFactivitiesatthenationallevelhasbeen
widelyspreadduring1990S.ParticularlyfolowingJapaneseDelphi,Korea,German and
othersareregularlyundertakingtheirownDelphitoproducedecisioninformation･haddition,
therehavebeenintemationaleffortstoincreasesuchactivitiesatthemulti-countrylevel.Early
1990S,aNCO fわrTFactivities,namedthehtemationalAssociationofTechnology
AssessmentandForecastinghstitutions(IATAFI)wasmadewiththesupportoftheUnited
Nations.TheIATAFIhavehadtheintemationalconftrencebiannually.Therewasameetlng
heldbyOECDtoseekapossibilityoftheintemationalcooperationinTF.Itconcludedthat
intemationalcooperationmightbetooearly.
□Twoyearsago,theAPECCenterfわrTechnologyForesightwasestablishedbytheinitiative
ofThailand.MajorgoalsoftheCenteraretoproduceanddisseminateinformationthroughTF
activitiesintheregionalcontext;torunthetrainingPrOgram increaslngaWareneSSandto
networkexpertsamongmembereconomies.Sinceitestablishment,theCenterhascarriedout
TFexerciseatthemulti-countrylevel.MajormethodologleSWereSCenariosandDelphi･
□ However,Delphistudyhastomobilizealargenumberofexperts,andthereforeits
managementcostishigh･Particularly,whentheexerciseismadeatthemulti-countrylevel,
themoderatorhastomakeefbrtsinkeeplngexpertsinthepanelseveraltimesasmuchasin
caseofdomesticexercise.TheAPECCentercariedoutDelphitwice･,onefor"watersupply
andmanagement"andtheotherfor"technologyforleamlngandculture,"However,there
emergedaseriousquestionifDelphimethodisappropnatefortheintemationaloperation.
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DThus,inthispresentation,Iwouldliketodiscusswhatwasgainedfromtheexercisesand
whatarethelimitations.hsodoing,Iwouldliketodiscussgeneralviewsaboutneedsof
technologyforesightatboth theindividualandmulti-countrylevels.Then,Somedetailed
discussionabouttheAPECDelphiwilbemade.Asaconsequence,ltSeemsthattheDelphi
studyatthemulti-countrylevelhasalargeroomtobeimproved.
2.NEEDSANDPURPOSESOFTECHNOLOGYFORESIGHT
2･1.NeedsfわrTechnologyForesight
口S&Tactivitiesarebasicalyknowledge-creatlngactivities.However,costsofknowledge
production,includingtransmissionanddissemination,arenslng.Intum,itimpliesthatthe
investmentinS&Tactivitiesinvolvesgreaterriskanduncertainty.Tominimizeriskand
uncertaintyofknowledge-creatingactivities,itisnecessaryforthepolicy-makerand/or
decision-makertolookintothelonger-termfutureofenvironmentssurroundingscienceand
technology,lnascientificway.
□hgeneral,technologyfわresightisundertakentogainbeterunderstandingofthefuture
envimnmentandmagnitudeofthechangesneeded,Soastomakeandimplementappropnate
policies･Itcanbesaidthereforethatthefundam enlaloftheforesightactivitylSinassessment
ofthreatsandopportunities,inasystematicway,leadingtostrategicformulationandplanning
tomeettheneedsofthefuture.TheforesightcouldproviderichdecisioninformationforS&T
policyformulationofboththepnvateandthepublic.Insummary,ltCan bepolntedoutthat
theforesightcouldassistdecision-makinglnthefolowlngWays;
t Wide-rangingsurveilanceofthetotalenvironmenttoidentifydevelopmentsboth
withinandoutsidethesphereofactivitieswhichwouldinfluencetheeconomy'S
future.
t Provisionofwel-refinedinformationaboutthepossibilityofamajorthreatand
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opportunlty;lnSOmeCases,anearlywamlngSignal.
L Estimatingthetimescaleforimportanteventsinrelationtothedecision-makingand
plannlnghorizons;anindicationoftheurgencyofaction.
I MajorreorientationofS&Tpolicytoaddresssituationswhichmayposeathreatand
opportunitiesby;(a)redefinitionofeconomiccompetitivenessinlightofnew
technologicalcompetition,O))modincationofeconomicstrategyaswelasR&D
strategy,andothers.
□hpractice,Delphiisoneofmethods,whichisfrequentlyemployedforalong-range
technologyfbrecastlngf♭rmassiveS&TtoplCSataOnetime.Delphiisawel-knownmethod,
particularlyincasethat(I)thereexistnohistoricaldata,(2)theimpactofextemalfactorsis
moreimportantthanthefactorsthatgovemedthepreviousdevelopmentoftechnology,and(3)
ethicalandmoralconsiderationsmaydominatetheeconomicandtechnicalconsiderationsthat
usualygovemthedevelopmentoftechnology.DelphimethodwasdevelopedbyRand,and
Japanhasalongtraditioninpractice.ItispolntedoutthatDelphiisbasicalydevelopedasa
communicationtoolamongtheexperts,andthereforeitsusesisnotlimitedtothetechnology
forecasting.bersonaltalkwithProfessorLinstone).
2.2.ExpectedGainsofTechnolo2.VForesightattheMulti-countrvLevel
□As S&Tenvironmentsa托Changlngrapidly,cooperationbetweencountriesattheregional
and/orgloballevelsisinevitablenotonlybecauseanycountryhassufncientresourcesfor
continuingeconomicgrow血,butalsobecausetheframeworkofaslnglenationistoonarrow
andtoosmallformajorundertakings.Therefore,cooperationbetweencountriesisnecessary
fTorbeterachievementandbeterqualityoflife.Withoutharmonyandcooperation,wecannot
assumecoexistenceandpromlSlngfuturetogetherwith.Cooperationbuiltonthebasisof
scienceandteclmOlogylSParticularlyemphasized,facedwiththeagethatknowledgeisthe
mostvaluableassetsatthelevelsoftheindividualandnation.
□NeedsforthetechnologyforesightbytheAPECmaycomefromcountry-specificproblems
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aswelasthereglOnalcontexts.Therewouldbeanumberofissuestobemeteitherbyaslngle
countryorbythecountriesaltogetherinthereg10n.
ロ Firstofal,whatisexpectedtogainthroughtheregionalcooperationintechnology
foresightcouldbeidentificationoftechnologlCalopportunities.Thisisrelatedtodetermine
"whattoforecast."TechnologlCalopportunitiescanbereglOnalOrcountry-specificones.Itcan
bedonebyanexploratorytechnologyforecast,showing"wheretogo."Thisisanecessarystep
beforethevalueassessmentofthefbrecastandstrateglCplannlngaredeliveredtomeetthe
country-specificand/orthereglOnalissues.Throughtheintemationalforesightforacommon
purpose,itwouldbeextremelydifficulttomeetacountry-specificissuesrelatedto"howto
go･"Itisbecausethelevelsoftechnologicalprogressofthemembereconomiesarewidely
ranglngfromtheunderdevelopedtothedeveloped.Itimpliesthatlocationofeachmemberon
thepathoftechnologlCalprogressisdiferentwithdiferentendowmentofS&Tresources.
□IfDelphimethodisemployed,membereconomiescouldbebeteroff.SinceDelphistudy
requlreSmoreParticipantsfrom membereconomies,TFresults-includingthewhole
procedures-Canbedisseminatedeasilyandwidely-ThoseexpertscouldconveytheTFresults
totheirownS&Tcommunlty,increaslngawareness.Ontheotherhand,an advantageof
Delphiistoconnectexpertsindirectlyviathemoderatorandprovideacommunicationtool.
□Itisalsoexpectedthatmembereconomieswouldbebeterofbynetworkingofexpertsand
otherS&TresourcesthroughtheTFexercise.Itismorelikelythatmoreinformationcan be
exchangedatthepnvatelevel,ratherthan atthepubliclevel.TheefTectofsuchknowledge
transmissionandleamlngeffectmaynotbeeasilymeasurable,butitwilpromoteS&T
activitiesofmembereconomies;particularlyofdevelopingones.Martin(1996)observesthat
thebenefitsofforesightexercisesatthegovemmentlevelareonthecreationofefective
networkbetweenR&D units,universities,industriesandgovem entresearchinstitute･
Similarly,ThecooperationofmembereconomiesmaymoreefectivelymobilizeS&T
resc･urcesbylinkingtheminthereglOn.
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DThroughtheregionalcooperation,thus,thefolowlngSareexpected;
LDelivenngthestrateglCaSSeSSment丘)1lowlngteChnologyforesight･
f Hamesslngmembereconomy'sS&Tpolicyformulation.
■ hcreaslngefectivenessofS&Tactivitiesofthemembereconomies･
■Buildingupexperienceswithdevelopmentofmethodologies･
3.PROCESS.GAINSANDLIMITATIONSOFAPECDELPHI
□TheAPECCenterhavecariedouttwoDelphistudiessofar;onefわrwatersupplyand
managementandtheotherfortechnologyfわrleamlngandculture･Similarprocedureswere
takeninbothcases.ThemajorpmCedureofAPECDelphicanbedividedasfbmows;
identincationoftopics,designofthequestionnaire,tworoundDelphisurveysand丘nalreport･
hbothcases,theCenterinvitedexpertsfrommembereconomiesandhadworkshoplnOrder
toidentifyrelevanttopics-HuaHin,Thailandforthe丘rstexerciseandVancouver,Canada
forthesecond.Thenumberofexpertsparticipatlngintheworkshopwasroughly10-20
persons.Duringtheworkshop,Delphisurveywasexplained,Sincemostofthemwerenot
familiartoDelphiexercise.htheworkshop,scenariosweredevelopedforthesameissue･And
then,DelphitopICSWeredevelopedandidentはed.Suchanatemptworkedoutverynicelyin
identifyingDelphitopics,sincedevelopingscenariosprovidedaguidancetolookintothe
longer-term future.ThosetopicsSelectedintheworkshopwerefurtherelaboratedlaterwith
assistanceofvariousexpertsthroughthenetcommunications,andadditionaltopICSWere
addedin血ispr∝ess.
□Ontheotherhand,thecentermadeagooddealofefTortstorecruitexpertsforthepanel･
Thecentercontactedthe氏)calpolntSineachmembereconomy,whoareusualythe
govemmentofficeroftheforeignaffairministries.Atthesametime,thoseexperts
particIPatlng attheworkshop wereadditionalconnectiontolocaterelevantexperts･
Recruitmentofexpertsinthatwaydidnotworkverywel･ItisbecausethefocalpolntShada
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litleknowledgeaboutscienceandtechnologyanddidnothavegoodinfわrmationaboutthe
localS&Tnetwork･SinceonlyafTewexpertswereinvitedtotheworkshop,whohadbecometo
havebestknowledgeaboutAPECDelphiatthelocalcontext,increaslnglocalconnectionsof
expertsandrecrultlngexpertsintothepanelwerequitelimited･However,thecenterwasable
tohavemorethan ahundredexpertsinthefirstroundand130intermsoffirstresponsesof
thesuⅣey.
Table1.TheNumberofResponsesinAPECDelphi
WaterSupplyandManagement TeclmOlogyforLeamingandCulture
FirstRound SecondRound FirstRound SecondRound
Australia 3 3 24336 480
BruneiDarussalam 0 0
Canada 4 4
Chile 2 2
Chin 2 2
HongKong,China 22 15 54 8
Ⅰndonesia 1 0 21 3
Japan 8 4 9 2
Korea 4 3 38 9
Malaysla 15 8 2459 35
Mexico 2 2
NewZealand 0 0
PapuaNewGuinea 1 0
Phiippines 6 2
Singapore 1 1 18 3
ChineseTaipel 19 7 33 4
Thailand 28 17 69 ll
USA 1 0 9 0
Vietnam 3 0
DThecenterworkedouteficientlytocarryoutthesurveyusingconventionalmailingsystem
aswelascomputernetwork.SincetheAPECregionisgeographicalydiversifiedandthe
mailingsystemsinsomeeconomieswereslow,lttooktoomuchtimetocolectthefirst
responses.ThisdefinitelywaslosingtheatentionofpartlCIPatlngexperts,Whichconsequently
ledtolowerrateofresponseinthesecondsuⅣey.Therewouldbealsopossibilitythatthe
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fom ofquestionnaireand/ortopicscouldnotatracttheiratention.Obviously,manyof
padicIPantSinthesurveywerenotfamiliartosuchexercise.AndtopicsmightbetoodifBcult
tounderstand.AmbigultyOfinterpretationoftoplCSWasunavoidable,sinceEnglishwasa
secondlanguagetomostparticipants.
ロ Thequestionnaireincludedsurveyparameter,suchasdegreeofexpertise,degreeof
importance,forecastyearofrealizationintheAPECreglOnandowneconomy,needfor
APEC-widecooperation,andconstraintstorealization,etc.Oneofmostimportantparameter
inusualDelphiexercise,likeJapaneseDelphi,isthe丘)recastyearofrealization.Twothings
canbepointedouthere.First,theguidelineofthesuⅣeysaidthatestimatlngtheyearof
realizationinAPECreglOnimpliedthattheeventortoplCmayberealizedbythattimein
majOntyOfAPECeconomies.Thisisambiguousunavoidably.Itismainlyduetothevariety
ofAPECeconomies,rangingfrom underdevelopedtodevelopedones.h suchcase,itis
obviousthathomogeneltyOfthesampleisnecessary.Otherwise,othersurveyparametercould
bedevelopedinplaceofforecastyearofrealization.Thisparametermightbemeanlngless.
Wh atwasworseisthatthesurveyparameter丘)ryearofrealizationinovmeconomywas
included.Asdiscussedbefわre,thenumberofexpertsintheDelphimightbejustenoughfor
parametersrelatedtotheAPECreglOn,butnotforthemtoowneconomies･
ロSomelessonscanbederivedbysummanzlnggainsinthefolowlng:
1.AddresslngIssuesWhethertheyarelocalandregionalissues:58forthefirstand52for
thesecondDelphi.
2･DrawatentiononTFinsomecountries,e.g.,ChineseTaipei,HongKong,Malaysla,
PhilipplneS,ThailandandothersshowlnghighernumberofparticIPantSthroughoutthe
APECDelphi.
3.Providingcommunicationopportunitiesamongexpertsofmembereconomies',butnot
abletodofわrthepolicy一makers.
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ロLimitationscansummarizedasfolows:
I.Recrultlngexperts,confusionoflocalfocalpolntSinrecommendingappropnateexperts
forthestudy;Samplesize,trackingdown expertsduringDelphiexercisecreated
di】阻culties.
2.Diferentsocio-economicandtechnologicalbackgroundsamongmembereconomies,
sizeofeconomy,sizeoftechnologlCalactivitiesareimpediments.Particularly,the
languagewasanotherimpediment.
3･SurveyparametersofparticularlyHrealizationyearofovmeconomy"couldnothave
slgni丘Cantmeanlngduetolimitedsamplesize.
4.DISCUSSION
ロWith rapidlychanglngS&Tenvironments,theAPECreglOnisnowfacedwithnew
challengescallingforregionalcooperationbuiltonscienceandtechnology.Awarenessof
technologyforesightisconsiderablyincreasedinthereglOn,nowthatscienceandtechnology
isakeyelementintheknowledge-basedeconomy･
□ Somedevelopedcountriesareactivelyengagedintechnologyfわresight,from which
valuablelessonsaredrawn.Butintemationalcooperationisstilundertest.From our
experience,Delphistudy,asamethodology,hasaslgni丘Cantroomoffurtherdevelopmentfor
itsimplementlngatthemulti-countrylevel.
□ DelphirequlreSagooddealofresources.h thesurvey,massiveexpertshavetobe
mobilized.Languageisalsoamajorimpediment.Suchfactsincreasethemanagementcosts
andambiguityfわrtheexpertstounderstandthetechnologlCalissues.Ontheotherhand,an
advantageisthatitiseasiertowidelydisseminatetheTFresultsthrough theparticIPantS･It
alsoprovidesacommunicationopportunltytOexpertsOfthemembereconomies･Some
membereconomiesparticipatedactively,whichisanencouraglngSlgnal.Asaresult,furmer
developmentandrefinementofappropnateDelphiforthemulti-countryTFexercisehaveto
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bemade.
□hthe丘nalnote,theOECDmeetingaccordingtoMartin(1996)concludedthat,although
"･･thereisaconsiderablescopeforintemationalcolaborationinforesighttoshare
methodologicalexperiencesandresultsaswelasexperienceshowbesttoembedforesightin
widerdiscussionsofscienceandtechnologypolicy,bilateralarrangementismoreappropriate
atthisstageindevelopmentoftechnologyfToresightthanmultinationalfbresightexercises･H
Thereasonisthatmultinationalcooperationmightnothelptackleacountry-specificproblem
whichhasdifferentneedsandhencestrategleS.haddition,ltarguedthat,Hiftechnology
foresightwereloresultincountrieschoosingSimlarprioritiesintechnologyandR&D,itmay
createproblemsofconservatismandmoreseriouslyofincreasedintemationalcompetiton,"
i･e･,convergenceofexpectationfbmulationacrossthecountdes‥
□Ilowever,itmaybearguedthatamultinationalcolaborationoftechnologyforesightdoes
nothavetofocusacountry-specificproblem dealingwithexploratoryopportunities･
Diversincationofforesightactivitiesmightavoidtheconvergenceofexpectationformulation
and henceconcentrationofresourcesinvestment,and consequently theincreasein
competition.Butifmoreinformationisavailableinasystematicway,diversificationofS&T
effortswilbepromoted.Thatis,withoutextensiveinformation,informationcolectionand
strategyformulationwinbelimited,andconsequentlymorecountrieswilmakemoreeforts
forthelimitedareas,perhapsleadingtoaconvergence.Extensiveinformationwilprovide
variousnichestosomecountries,whichmaynotbenichestoothercountries.Ontheother
hand,asfarasthecomparativeadvantageworksinaRicardian world,itmightnotbepossible
thateverycountryconcentratesontheidenticalareasoftechnologywith moreresource
alocation･Althoughexpectationfbmulationofthebusinessenterpnsesconvergesandhence
increaseinvestmenttoomuch,say,intheareaofinfbmationtechnologleS,theinfbmation
technologylSalreadytoobroadforresourcestobeconcentratedinviewofbusinessactivities,
sincethelimitofitsapplicationisnotknown.AspointedoutbyJantsch(1967),innovation
efectofatechnologylSunlimited,ifthesocietyhasunlimitedpotentialofinnovation
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activities.Thus,itcanbesaidthatdisadvantagescanneveroutweighbene丘tsoffわresightin
multi-nationallevel.Wh atisimportantistopromoteS&Tactivitiesinthisregion,andhence
economicgrowth,whicheventualybringsaboutmutualbene丘ts.
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Abstract
TheestabHshmentoftheAPECCenterforTechnologyForesightisanindication
oftheimportanceofforesightactivitiesinheZpJngeconomiestoshapetheirfuture･
SincetechnoJogyforesightisanongoJng COHaboratJ'veprocess,the main
objectiveoftheAPECTechnologyForesightNetwork(ATFN)istoelectronicaHy
linkAPECmemberswhoareengagedinsomeform oftechnologyforesight
projectsOractivities.AsecondaryobjectiveistoJinknon-APECeconomies
acrosstheworld,whichareinvolvedintechnologyforesight.TheATFNaimsto
provideintegratedandaccessiblepathwaystotechnologyforesightexperts,to
informationreJatedtotechnologyforesightandtotheresultsofforesightactivities･
CurrentAPECparticipantsintheAPECTechnoJogyForesightCenteraretobe
consideredasthefounding membersoftheATFN.Canada,throughthe
resourcesandtoolsdevelopedbytheNationalResearchCouncH'sCanadian
TechnologyNetwork(CTN)andtheCanadaInstituteforScientificandTechnical
Information(CJSTl),proposestocontributeitsin什astructuretohelpcreatethe
ATFN.
TheProposa一
Technologyandsciencearekeydriversofknowledge-basedsocieties.The
establishmentoftheAPECCentreforTechnologyForesightdemonstratesthe
importanceofforesightactivitiesJ'nheJpJngeconomiesshapetheirfuture.
Astechnologyforesightisanongoing co=aborative process,itwould be
appropriatefortheCentretocreateaTechnoJogyForesightNetworkthatgroups
togetherAPECmemberwhoarealreadyengagedinsomeformoftechno一ogy
foresightprojectsoractivities.
Mission
Thepurposeofthenetworkistoprovideintegratedaccessiblepathwaysto
experts,informationrelatedtotechnologyforesightandprovideaneficientway
todifusetheresultsofforesightactivities.
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Oblectives
■ BeterIinkexistingnetworks,andsourcesofinformationandexpertise;
I Enhancethecapacityofcurrentnetworksbyfindingorganizationsand
expertisetocomplementthosealreadyavailable;
IProvidebeteraccessandshareexpertise;
I FacilitatenetworkingandtheexchangeofforesightinformationwithinAPEC
economiesandbeyond;
I Promoteandprovidesupportandadvicetomembersinrelationtotechnology
foresightissuesandactivities;
･ Createaninventoryofcurrenttechnologyforesighttechniques,activities,and
proJeCtreports;
I Providevehiclesforinnovativewaysformemberstoco"aborate;and
･ Provideadiscussionforumforthemembers.
Networkmembershipand.Commitment
CurrentAPECmembersaretobeconsideredasthefoundingmembersofthe
APECTechnologyForesightNetwork(ATFN).Asmembers,theyarecommited
tothefolowlng:
- NamecontactpersoヮsastheTechnologyForesightExperts(Advisors)
representingtheorganTSatl'on;
- HostorparticipateinTechnologyForesightworkshopsoreventssponsored
bytheNetwork;
- Provideinformationontheirorganisation'Stechno一ogyforesightactivitiesor
projeCtSforpubJicationontheNetwork'swebsite;
- PromoteTFanditstechniquesandapplications;and
- Actasagatewaytoso一icitco10Perationonforesightstudiesandtodifusethe
results.
Communicationsinfrastructure
TofaciHtatecommunicationamongthemembers,itisproposedthatanextranet
sitebebuiltforusebymembersandtheircontacts.lnitiaHy,thepasswordaccess
controledsitewilhavethefolowlngfeatures:
e-mailbasedforumfordiscussion
databaseofmembersandadvisors/contacts
hotJinkstoothersites
calendarofevents
librarycentrefortechnologyforesightdocuments
fuHtextwebsitesearchcapabinlty
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ResourcerequlrementS
TheAPECCentreforTechnologyForesightisprmarilysupportedbytheRoyal
ThaiGovernment.
Canada,throu9htheresourcesandtoo一sdevelopedbytheNationa一Research
Council'sCanadianTechnologyNetwork(AnnexA)containsadescriptionofthe
Network)andCanada'sfnstituteforScientificandTechnicallnformation(ClSTI),
proposestocontributeitsinfrastructuretocreateATFN(tobeknownasthe
APEC TechnologyFo｢ecasHn9 Network)tosupporttheAPEC Centrefor
Technology Foresight's mandate to fostercommunication betweenAPEC
membersandtodifusetheinformationamongstmembers.
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ResourcesrequlrementSforestablishingandmaintainingtheAPECTFN
areoutlinedinthefolowlngtable.
Resources:peopleandtime Phase1-Developa Phase2-lmplementTFNprotOtyp TFNforAPEC
[2-3months] members【12 Onths】 1
NRC New NRC New
ln-Kind Funds2 ln-Kind Funds3
ProjectC0-Ordination.dvelopworkplans･managethec0-0rdinatedefortconsultainwithkeyplayrs 20,000 40,000 20,000 40,000
SystemDevelopment.dveloptchspcs●Pr09rammng･esting 5,000 10,000 20,000 45,000
Facilities,equlpment,sjteJicensingandservics 10,000 50,000
Promotion,training,qualityCOntrOl,etc. 5,000 20,000
IItisassumedthatafterphase2theAPECTechnologyForesightCenterwilOperatethenetwork･
2ThesefundscouldbeobtainedfromthesponsorsoftheprojeCtl
3Thesefundscouldk obtainedfromthesponsorsoftheprojeCt･
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AnnexA
TheCanadianTechnologyNetwork
TheCanadianTechnologyNetworklinksfederalandprovincialgovernmentlabsand
agencies.universities,communitycoleges,industryassociations.technologycentres
andeconomicdevelopmentagencies.Togethertheseorganizationsprovideinnovative
Canadian companies with quick and personalaccess to expertise,advice and
informationabouthowtomeettechnologyandrelatedbusinesschalenges.
CTNMissionandObjectives
MISSlON -toprovideintegrated.accessib一epathwaystoinformationandservices
relevanttosmal-andmediumsISizedenterprISeSuSlngtechnology.
Objectives:
･ tobeterlinkexistingprovidersofindustrialsupportservJ'ces,existingnetworks,
andsourcesofinformationandexpertise
･ toenhancethecapacityofcurrentnetworksbyfindingorganizationstodeliver
servicesandexpertisetocomp一ementthosealreadyavailable
･toprovidebeteraccesstointernationalsourcesofexpertise
HowCTNWorks
TheCanadianTechnologyNetworkcangNeyouaccesstOaWiderangeoftechnology
andrelatedbusinessassistancethroughacross-Countrynetworkoforganizationsand
advisors.Eachadvisorisemployedbyanorganizationknownforitstechnologyor
relatedbusinesscompetence.Theseadvisorsarelinkedtogethertooptimizethe
identificationandreferraltodeliveryoftherightadviceorexpertisetomeetinteractive
businessneeds.
CTNAdvisoryMembers
ACTNAdv/'SoryMemberisthefirstpointofcontactforCTNclients.EachAdvisory
MemberprovidesaNetworkAdvisorwhoispreparedtoworkwithyoutoidentifyyour
needsandhe一pfindsolutionstotechnologyandrelatedbusinesschaHenges,The
NetworkAdvisoractsasapathfinder,definingneedsandidentifyingpotentialsourcesof
assistancebothfromthenetworkofCTNAuI'iateMembersandelsewhere.
CTNAffj]iateMembers
ACTNAwl/lateMemberisanorganizationwhichofersservicesinspecificareasof
expertiseintechnologyandrelatedbusinessservices.Asappropriate,A所I'ateMembers
maynegotiateafeefortheirservicesdirectJywiththeirclient.
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Session"LessonsforFwesight
NewcomelS
タメ
SOUTH AFRlCA'S APPROACH TO FORESlGHTING:
ADEVELOPINGCOUNTRY'SPERPECTJVE
Authours:PIM.Mjwara,KNjobe,N.Tsengwa,B.Memela,BDay.PHaty,gLoots.B
Protheroe.S.Zikode
Address:DepartmentofArts.Culture,ScienceandTechnology
PrivateBagX894
Pretoria
SouthAfrica
OOOl
e･maiJ:fsO2@dacst5.pwv.gov.za
Telephone:+27(12)3378481
Abstract:
TheDepartmentofArts,Culture,ScienceandTechnology(DACST)hasbeen
conductingaNationalResearchandTechnologyForesight(NRTF)projectforthe
pasttwoyears.Theaim oftheNRTFistoidentifyemerglngtechnologiesand
marketoppo什unjtiesthatcanbebeneficialtoSouthAfricainthenextfiveyearsor
so.TheoutputsofthestudywilbeusedtoguideDACSTandothergovernment
departmentinthefundingofsomeareasofresearchandtechnologydevelopment.
lnordertoidentifyemergingtechnologJeS,fourmacroscenariosweredevelopedin
ordertounderstandtheenvironmentinwhichSouthAfricamightbeoperatingln.
Theimplicationsofthesescenarioshavebeeninvestigatedfortwelvesectorsofthe
ForesightProject･AdetailedapproachtotheforesightingprocessinSouthAfrica
togetherwithsomeoutputsoftheForesightprojectarepresented.
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SouthAfrica'sForesight
Background
Shortlyafterthe establishmentofthe MinistryofArts,Culture,Scienceand
Technologyrn1994,theministryannouncedit'sintentiontocaryoutaforesight
exercise.TheprojectwasformaHylnauguratedinJuly1996.JntheWhitePaperon
ScienceandTechnology,DACSTcommitsjtserftousLngtheresultsoftheforesight
exerciseasanimportantinputintoitsinvestmentsinresearchanddevelopment
withinthesciencebudget.TheforesightresultswiIlalsoinformthemanagementof
theproposedinnovationfundandresearchcapacity-bulHdingprogrammesinthe
highereducationsector.
SouthAfrica'sApproachtoForesightJrng
Althoughforesightexercises have been conducted invarious countries,the
obJ-ectIves,thefociandtheapproachestendtovaryaccordingtocircumstances.A
caseinpointisthenatureandextentofparticipationintheforesightprocessby
widercommunities.lnJapan,forexample,suchprocessestendtoinvolveonly
science,technologyandindustryexperts,whereasincountriesJiketheNetherlands
thebroadercommunityisusualJylnVOrVed.
MethodotoglCalapproachestendtod肝erasweH.TheJapaneseusuaJyfocusonly
onconductingDelphisurveysoffuturetechnologicaltrends,whereastheUK
foresightemployedvariousmethodologiesincludingDe一phisurveysandscenario
analysls.The United Statesconcentrates instead on drafting lists ofcritical
technologLeS.TheforesightexerciseinSouthAfrica,thoughinformedtosomeextent
byapproachesofothercountries,hadtoadoptitsownapproachtofittheSouth
Africancontext.SomeoftheunJquefeaturesoftheSouthAfricanForesightare
addressedbelow二
Cons山tation
PerhapsoneofthedistinguishingfeaturesofSouthAfrica'sforesightistheextentof
widercommunityInvolvementintheprocess.Theforesightprogrammehasbeen
deliberatelydesignedtoinvolvestakeholderssuchasindustry,government,labour
andcivilsociety.This inclusive participatory approachisanatemptto gLVe
ownershipoftheprocesstoalsectorsofourpopulation.
Methodo一ogy
Themethodologlcalapproachadoptedinourforesightemploysacombinationof
techniques.These include strengths,Weaknesses,opportunities and threats
(SWOT)analysis･scenarioanalysisandsurveyofopinionsonres?archand
technologytrends.Ourmethodologydifersalsofrom othercountrieslnthat,to
contextualisesectorwork,macroscenariosforscienceandtechno一ogyinSouth
Africaweredeve一oped.TheseprovidedauniformframeofreferenceforaHsectorsI
ThesectiononmethodologyaddressesalofthetechnF'questobeusedintheSouth
AfricanforesightexerciseindetaiL
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I)epartmentofArts,Culture,
ScienceandTeclmology
Foresightsectors
TheprocessfoHowedtoselecttheforesightsectorsisalsooneofthespeciaJ
featuresofourprocess.Aseriesofcountrywideworkshopsinwhichparticipants
wereaskedtoidentifyfuturepno｢itiesforthecountrywereconducted.Thesectors
thatwerefinaHyselectedreflectthegoalsoftheexerciseandhavedriverswhich
includesocialdevelopment,technoLogICatdevelopmentandwealthcreation.
Atotalofeightsectorselectionworkshopswereconductedcountrywide.rntotal
delegatesfrom21academicandresearchinstitutions,34businessesandindustries
(includingbusinessandtradeassociations),10nationa一governmentdepartmentsor
polCyNGOs,asweHasmanyprovincialgovernmentdepartments,andal8major
sciencecouncHsparticipatedinthisworkshopprocess.
Furthermoremeetingswithasectorselectionfocuswereheldwithrepresentatives
from anumbrelfacivicorganisation,aprovinciaJtradeunionconfederationanda
youtho｢ganisation･Theoutputsoftheseworkshopswereana一ysedandaprofileof
eachsectorwascompileduslngtheavailabledata.Thedatausedincludedcurrent
andprojectedemploymentfigures,GDPcontributions,exportandotherslgnificant
statistics･TheseanalyseswerepresentedtotheForesightAdvisoryBoardand
DACSTwhichtogetherwiththeForesightTeamdecidedonthefinalisedsectorsfor
theforesightexercise.
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Consultation
TheinitialconsultationprocesswasaimedatinfomllngStakeholdersaboutthe
project.This process was also intended to getfeedback on deslgn and
methodorogleS for the project.Many organisations, including government
departments,sciencecouncils,academicjnstjtutjons,industryandcivilsociety
organisationswereconsultedduringthisprocess.Afterthesectorswereselected,
sector-Specificconsultationwasa一socariedoutbyeachofthesectorc0-0rdinators.
Consultationcontinuedintotheworkingphaseoftheproject.
ldent柑cationofexpertisefortheforesightprocess
Diferentmethodshavebeenappliedbydiferentcountriesthathaveembarkedon
similarexercises.lntheUnitedKingdom amethodknownasco-nominationwas
used,whereasinFrancetheexercisewaspnmariJycariedoutbyappointedexpeれ
panels.Co-nomination js a survey-based technique thatalows the major
stakeholdersandthebroadcommunitytoparticipatefuHylnanopenexerciseof
identifyingthoseindividualswhoaretoparticipateinsectorworkinggroups･Forthe
NRTFproject,DACSTsuggestedthatacombinationofmethodsbeused.These
Were:
･co-nomination,adaptedtooursituationtoidentifyingmembersofthesector
workinggroups;
･directappointmentbyDACSTinconsultationwiththeAdvisoryBoardandProject
ManagementTeam.
Theco-nominationobjectiveswereto:
･identifykeyindividuaJswhowouldserveasmembersoftheworkinggroupsjnthe
sectorscoveredintheForesightprqect;
･buildadatabaseofexpertswhowouldbeconsultedbyworkinggroupsatlater
sta9eSOftheproject.
Fouriterationsofco-nominationlhavesofarbeencariedout.Theresponserate
wasabove30% and2573nameshavebeengeneratedsofar.Mostofthe
respondentswerefromhighereducationinstitutions(35,3%)and88,2%WeremalesI
Therewereveryfewindividualsfrom previouslydisadvantagedbackgroundsand
fromlabourorganisationsident汀iedviaco-nomination.Tomakesurethatthemake-
upofworkinggroupswasrepresentative,Otherindjvidualswereappointeddirectly
intothesegroups.
lTlemainfeatureofcO-nominationisthatthetechniquerelieson s`nowbal〝samplng.Respondentsareaskedtonominate
individualswhomtheyconsiderexpertsnaparticulararea.Thenomineesarefurtheraskedtonominateotherexperts･
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Sectorsforforesight:
Agriculture&Agroprocessjng
'Foodproduction,agroprocesslng
･Forestryandfishing
'Foodsecurity
･Thefood&beverageindustry
Bjodiyersjty
･Conservation
･Sustainableuseofbiodiversity
BusinessandFinancia一Services
･Capita川ow
･Venturecapitalavailability
･Applicationsofinformationandcommunication
technoJogトeS
Energy
･Altemativesources
･Generation
･Distn'bution
Environment
･Polutioncontro一andwastemanagement
●Natu｢aけesou｢cemanagement
Manufacturing&Materials
･Specificindustries/sectoralperspective
･Primaryproduction
･Marketniches
･Maten'alsprocesslng
Mining&Metalurgy
'ExtractionandpurificationtechnologleS
･Beneficiation
SafetyofCitizen&Society
'Defenceandsecun'ty
'RefocuscapacitytocjviFapplCation
･Criminality(socialbehaviourcomponent)
Tourism
･lnfrastmcture
･TounTstcultureandmarketing
Youth
･Auditingcurentatitudes
●BU‖dingS&Tcultureandcapacity
●Rewa｢dsystem
･Entrepreneurship
CrossICuters
･Education/HRD/sk川sdeve一opment
IBeneRciation
'Businessdevelopment
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ForesightMethodology
Figure 1 shows a schematic
representation of the foresight
methodology.A briefdescription of
theprocessfolows:
Vision
The White Paperon Science and
Technologyenvisagesafuturewhere
a" South Africans wil enjoy an
improved andsustainabrequalityof
Hfe; participate in a competitive
economy by means of satisfying
empJoyment; and share in a
democraticculture.
rn orderto a仕ain this vision three
90alsw日日1aVetObeachieved:
Ithe estabHshmentofasystem of
technologlCalandsocialinnovation;
･thedevelopmentofaculturewhich
va山estheadvancementofknowledge
asanimportantcomponentofnationa一
deve一opment;
Aimproved supportfor innovation
whichisfundamentaltosustainable
economlC growth, employment
creation,equitythroughredressand
socialdevelopment.
Foresightmission
To promotetechnologlCaHnnovation
and deployment by identifying
opportunitiesforeconomicandsocial
development through a national
research and technology foresight
project.
Sectormissionandfoci
Each sector developed its own
missionandfocusareaswjthjnthe
broaderS&Tenvironment.Theaimof
themissionandfocusareaswasto
ensure unanimityofpurpose ofthe
working group and to ensure
integration and linkages with other
sectors.
Sectorboundaryconditions
Theboundaryconditionsdefinesectorfoci,whichwereformu一atedonthebasisof
Inputsfrom othersectorstakeholders.Thesectorworkinggrouphavealfinalised
thesefoci.
hternationalstudy
AstudyexaminJngCurentteChnologICal,market,polCyandstrategictrendsofthe
sectorinternationaly.
Localstudy
AreviewofthecurentstatusofthesectorinSouthAfricawithafocusonresearch
andtechnolo9y.
Macroscenarjos
ThesewerescenariosofthescienceandtechnologysysteminSouthAfricainthe
20-yearterm.Theseprovidedafuturesframeofreferenceforthesectors.
IdentifySWOTandSTEEPfactors
OnthebasisoftheaboveinformationaSWOTanalysJSWasPe仙)rmed.】naddition
majorsocial,technologica一,economic,ecologicalandpolitical(STEEP)factorswithin
thesectorwereidentified.Theseprocessesgaveapictureofthecurentsector
situation.
StrategicanaLysISandchoices
Futureresearchandtechnologycha‖engesandmarketopportunitiesoverthenext
10-20yearswereidentifiedandstrategleSdevelopedaroundthem.
SUⅣeyandworkshops
Anauditofthefuturescienceandtechnok)gyneedsofcommunitieswereconducted
viaworkshopsandsurveys.Opinionsofknowledgeablepeopleinthesectoron
variousissuesw川 besoughtinaquestionnaire-basedsurvey.Itfocussedon
perceptionsofSouthAfrica'sstatus(curentandfuture)aswelasonappropriate
strategleSthatmay improve ourcompetitiveness.Communication withsector
stakeholderswasmaintainedthroughouttheprocess.
Sector-Specificscenarios
AsthebenefitsfromtheoutputsoftheNRTFprojectWiIlonlyberealisedinthelong
term(10-20years)secto r-specifics?enariosweredeve一opedandanalysed.These
wereinformedbythemacro-scenarl0SforSouthAfrjca'sscienceandtechnology.
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Outputs
WhilsttheForesightreportsareava‖ableatDACST,itisworthsharingseveral
broadfindings,whichwilbediscussedbelow.Thereareseveraldriversthatsuggest
thereisasaturationoftheagrarianandindustrialeconomies.Thenexttentotwenty
yearsw川bedominatedbyhugegrowthsintheinfomlationanddigitaleconomies.
ThereareslgnSOfthebirthofbio-economydrivenbydevelopmentsinbiotechnology
andthecombinationofbiotechnologyandinformationtechnoJogy(Bio-inforPatics).
ThiseconomyJSexpectedtoimpactonanumberofsectorssuchasagnculture,
recombinantDNAandgeneticaHyModifiedFoods),Health(transgenicfoods,gene
therapy,microbio-sensors)materials(molecularmappingandatomicarchitecture)
andothers･Bytheyear2010,thesedevelopmentswi"bechanglngthewaythe
humanracewiJldothings.ThechalJengeinSouthAfricaishowthecountrydeals
withadecliningindustrialeconomy(socialandeconomicimpactsthereof,howdo
weprepareourskilsbaseandhumanresourcedevelopmentfortheopportunities
presentedbythedigitalandbio-economJ'es).
TheresultsofForesightwinbeusedtosharpenthechoicesinaHocatingfundsfrom
theJnnovatjonFund,tolaythebasisjfinstitutionalcapacitytoconductForesight,in
boththegovernmentand pnvatesector,identifypnoritiesforpublicTyfunded
research,encouragegreaterR&Dinvestmentinindustry,improvethetechno一ogy
awarenessanduptakeinSMME'sandidentifyskHlsshortagesinScienceand
Technology(S&T)andactioninitiativesthereof.
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TechnologyForesightinHungary
SandorTOTHo
Director-GeneralattheHungarianMinistryofEducationand
theHeadoftheSecretariatforScienceandTechnologyPolicyComcil
chairedbythePrimeMimster
AbstTlaCt
ThepaperpresentsabriefsurveyofHungarian R+Dactivity･Theinfluenceofthe
Hungarian economyonresearchanddevelopmentisalsoexplainedbyfiguresindicatlng
theshareofforeigninvestmentsisintheCEEcountries.
TheverypositiveatitudeofsomeforeigncompaniestowardjoiningtheHungarian R+D
networkisalsoshown .AsaconclusionofasimplifiedSWOTanalysisthereisan atempt
toexplainwhyitisimportantforasmaleconomytodealwithteclmologyforesight･
Hungarybegan itsTechnologyForesightPT10grammeCrEP)in 1997andthiswilbe
finalisedin2(氾0.TheDelphimethodwasusedintheresearchandthequestionnaireisa
combinationoftheverycharacteristicJapanesewayandtheholisticapproach･The
evaluationoftheresponsestothequestionnaireindicatesthatmethodandtopicshavebeen
pmperlyselected.
BesidestheapplicationofDelphimethodstudieswerealsocariedoutoneachtopic.Some
specialanalyseswerealsoperformedtoinvestigatethe.1cross-impact"relationamongthe
varioustopICSandfields."
tntroduction
HungaryhasbeenlocatlnglnCentralEuropeattheintersectionofEast-Westformorethan
onethousandyears.
SlidelI"MapofEurope"
ThepopulationofthecountryislO･3milionandthenumberofthoseemployedis
roughly3.7milionpeople.OurGDPpercapitaisabout4700USD(1998).Thetotal
numberofpersonsinvolvedinR+D,atresearchinstitutes,universities,companyresearch
unitsandotherplacesis36384･OfthesethenumberofscientistsandenglneerSis23547
only.
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TheR+Dexpendituredecreasedsharplyafterl9901Wenowhavesomeslightincrease,asis
shown inthediagram.
Slide2I"DecreaseofGERDn
Thestmctureof血eeconomylSaSfblows･
One-thirdofthetotalforeigninvestmentintheCEEcountriessince1990hastocome
Hungary･h 1998thenumberofcompaniesexceeded800000.ThemaJOntyofthem
(around90%)belongtothecategoryofSME.Therateofprivateownership(startedin
1990)nowisover80%.Theshareofforeignownershipintheprivatecompaniesis
around35%.Thepnvatesectorproduces90%ofGDP.TheincreaseinGDPlastyear
wasover4.5%,afigurewelabovetheEuropean average.70%ofourexportproduction
goestotheEU.40ofthetop50multinationalcompaniesinthewo血darerepresentedh
Hungaryinsomeway.Eithertheyhavesetupnew firms(soICaled"greenfield
investment")Ortheyhavetakenoverformerlystate-OwnedHungarian Companiesandrel
organisedthem.
Suchre-StructuringoftheHungarianeconomyhasalsogeneratedaveryvitaland
promlSmgimpactontheappliedresearchandtechnologicaldevelopmentsegmentof
HungarianR十D,besidesitsothereffects.ThenumberoflargeforelgnCOmpaniesthat
havealreadysetupresearchanddevelopmentcentresorintendtodosoisincreasing･
GoodexamplesareEricssonHungaryLtd.intelecommunication,Knorr-BremseBreak-
Systems,AudiHungariaMotorsandNokiaMotors.Asan altemative,SuzukiMotor
Corporation,Japanhassetupa氏)undationtofわsterc0-OperationbetweenShizuoka
UniversltyandBudapestTechnicalUniverslty.
Mostimportantlythestrongestmotivationbehindthecompanies'decisionshasbeen
recognltlOnOftheintelectualassetsavailableinHungaryandnottherelativecheapness
ofmanpower.
PositiveandnegativefactscharacterislngthepresentstateoftheHungarian economyand
R+DactivltyCanbesummarisedasfわlows:
- Despltetheremarkableincreasethatthecountry'seconomyhasrecently
achieved,thedomesticmarketissmalandthedominantshareofexportsis
producedbybigcompanieswiththeirownresearchanddevelopmentstrategleS･
- ThemaJOntyOfSMEshavenotyetrequestedgovemmentassistancefortechnology
development,becausetheirmain activltyhasbeenproductiononthebasisof
licencesorknow-how
- Thegovemmenthasnotyetprovidedenoughincentivesfわrsmalandmedium
enterpnsesbyoferingthemsufficientdirectandindirectopportunities･
- Structuraly,nowthecountryconformstotherequirementsOfmarketeconomies
- HungarylSPreparingfわrmembershipoftheEU.Sofar,theR+Dsectoristheone
mostappreciatedbytheEu
- Therehasbeenahighbraindrainforsomeyearsandtheeffectsexperiencedso
farhavebeenalmostalnegative.
- ThereisstilacapablebasicresearchsysteminthecountryanditsactivltylS
notedintemationaly.
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- Thereisanewandpositivetendencylntheexpansionof氏+Dcentresoperatedby
fToreigncompaniesemploylngHungarianresearchers(includingaremarkable
numberofPh.D.shdents).Ofcourse,thesecentresarebasicalymanagedinline
withresearchanddevelopmentstrategyoftheheadquarters,evensothecentres
can stimulateHungarianhighereducationandthrough"seedcompanies"industry,
asawhole.
- Hungaryisactivelyparticipatingintheintemationalresearchc0-Operations(ESA,
CERN,EMBO,EU Fram eworkProgram es,25bilateralintergovemmental
agreementsinscienceandtechnology,etc.).
BecauseofthesepositiveandnegativefTeaturesaquestionmayberaised:
Isitnecessaryinthecaseofasmall,sensitive,prosperousbutfarfromaleading
economytodealwithtechnologyforesight?Doesthisrepresentmorethanawishtojoin
themainstream?
Iam convincedthatheansweris"yes".Itisnecessary.Oneofthemainreasonsforsuch
countriestohaveversatilemeansisitcanhelpalplayersinscienceandtheeconomyto
seemoreclearlyandactmorerationaly.Besidesthequestionofeconomiccompetition
wehavearatherdiscouraglngtrendconcemlngpopulation.
Slide3/"Theratiooflive-birthstodeathrate1990-1997"
andasltProvedbytheanalysistherearefactorsthathavetobeimprovedinthefuture.
Slide4I"Theinfluenceofvariousfactorsonhealth"
1.TheaimoftheprogTlamme
TheHungariangovemmentrealisedthelackofsuchmeanswhenmakingdecisionson
R+Din1992･Stil,ourTechnologyForesightProgrammecaledTEPstartedonlyln
1997･TheNationalCommiteeforTechnologicalDevelopment(OMFB)managedthe
programmeuntillastDecember.SinceJanuaryI,2000thisinstitutionhasbeenapartof
theMinistryofEducationandhopefulytheforesightprogrammewilnowspeedup･
Thebasicaim ofourforesightprogrammeistosupportthefわrmulationofanational
strategythatisrequiredtoinprovethequalityoflfeandtoincreaseourcompetitiveness.
TEPappliesaholisticapproachtothefol･eSightproglammeS.Theprocedureisbasedon
palZel(workinggroup)activitiesandtheapplicationoftheDelphimethod.
Intheframeworkofpanelactivity SWOTanalysisandtheworkingoutscenariosaJld
recorunendationshavebeenconducted.
OurfirstforesightprogrammeCrEP)isexpectedtobeimplementedintwophases.
TheJirstphasewasconcludedin1999anditstaskwasto
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colectandanalyseinfomationaboutR+D,markettrends,theweekandstrong
polntSOfourpresenteconomyandsocialrequlrementS,andto
harmonisecol0Perationbetweentheeducationandresearchsectors,theeconomy
andgovemmentaladministrlationinabeterwaythanatpresent
Whatisthee甲eCtedoutcomeofthejirstphase?
Thereportsonthevariousfieldsarebeingfinalised･Theywilpresentanalysesofthe
developmentalstatusofregionsinHungryandoferscenariosforpossiblePLtureS
indicatlngtheoptlmisticandpessimisticverslOnS.
2.ThestructureofTEP
2･I.ThemainJiehlsitlVeStigatedbyTEPI
TherearesevenJ;eldsbymeansofwhichTEPhastriedtocoverthemostimportant
areas:
- Humanresources,educationandlitbstyle;
- Lifesciences,health,pharmaceuticalresearchandproduction,medical
equlpment;
- hformationtechnology,telecommunicationsandmedia;
- Protectionanddevelopmentofthenaturalandbuiltenvironment;
- Manufacturingandbusinessprocesses(newmaterialsandproduction,supplier
network,etc.);
- AgricultureandfoOdindustry;
- Transportation
Alfieldsaremadeupofanumberofsub-Jieldsandthesecontainedthetopics(thatis,
theactualquestions).
212.Methodology
Therewereadvertisementsinnewspapersandpresentationsatvariousfbrumsinorderto
informexpertsofthestartoftheprogrammeandtoofferthemthechancetojointhe
work.
Eachofthesevenworkinggroupsbanels)hadtofolowauniform programme,thatis:
- Draftinganoutlinesum anslngthepresentsituationandgivingthepossible
futuresources,
- PreparationoftheDelphiQuestionnaires,
- processingtheresponsesgivenintheldand2ndroundsoftheQuestionnaires,
- ThewntlngOfareportbyeachworkinggroup,
- Revisionofscenariosifneeded,
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- Contributingtothefinalreportonthe丘rstphase.
TheworkinggroupsalsohadtoconsidersomeglobalprlnCiplesimportantforthe
investlgationof"cross-impact"amongthevarioustopICSCategOrisedintoonefieldbut
capableofaf托ctingothers.
2.3.0rganisation
TheworkwasmonitoredbyaSteen.ngCommiteeof19members(includingthe
chairman),drawn fromindustry,theuniversities,researchinstitutionsandtheMimstryof
EconomicAfairs.
Thesevensub-committees(i.e.theworkinggroups)hadadaptedbetween18and24
memberswiththeexceptlOnOftheSub-CommiteeforHumanResourcesthathadonly
11members.
2･4･TheDeかhiQucsLionnaiTleSandtheirprocessilZg
Thestructureofthequestionnaireshasbeenadoptedontheexperienceofothercountries
(Japan andtheUK)･Somespecificadditionsweremade.Themain featuresofthe
questionnaireswereasfolows:
a) T72eexpeTliseofrespondents(consideredinfTourcategories),
b) 771eeHectofthetopicson
th eeconomy
s o ciety
tbeenvironment.
C) T71ee-I:PeCtedtimeofTlealisation(actualy:200412020ornever),
d) mepresentstatusofHungaf恒 nco'ParisonwiththedevelopedEuropean
countrleSinthetermsOftheexistenceof
scient泊Cbackground
technologyavailability
creativlty
innovationanditsutilisation
thelevelofmanufacturlngandservice
regulationsandgovemmentalpolicy
e) Gradinginalfoursub-Categories.aremarkedas
"lagglngfarbehind"
"lagglngnotfarbehind"
"aboutatthesamelevel"
"Advanced"
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f) Theconstraints:
socia〟ethical
lackofscienti丘Cand/orenglneerlngknowledge
marketing
eCOITOmC
thetopicunimportant
inappropnateregulations,standards
lackofeducatedmanpower
g) ThemeansofenhancementofdevelopmentandapplicationinHunga17:
domesticR十D
know-howadaptation
trade(purchaseofgoods).
Theevaluationoftheresponseswasperformedfromvariousstandpoints.Someofthe
classi丘cationswereasfolows,regarding:
Therespondents:
-breakdownoftherateofre甲OnSeS,
-distributionofsol:ailedaverageepertise,
づXpertiseofrespondentsbydemogJマPhyandoccupation
Theinfluenceoftopics:
-economicandsocialeHectsofalevents(representedbythequestions/Statements)in
each丘eld,
Slide5…TheReportoftheAgriculturalandFoodIndustryWG"
Slide6"Economic(x)andsocialrelations(y)"
Slide7"Theoccurrenceofsomeconstraintsinthejieldof
pTVduction&business"(1stTDund)
-economic,socialandenvironmentaleHectsglobalyandspeci丘Calyofthe10most
advantageous("top10")events.The"influenceindices"werealsocalculated･
Slide8"Anestimationofnoise-emissionofvehicles"
Slide9I…ForecastCO2emissionsbytrabicinHungary〟
Thetot)10topicsofeachofthesevenfields:
-selectionofthe10mostadvantageousevents(topics)byfields,
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TheconstmintsbyfieldsasawholeandwithinthemconcemlnTg_the10topevents:
- somecomparisonsweremadebetweentheefectsofthevariousfactors(social,
realisation,maTketing,economic,lessIJ7pOrtanCe,regulationandgovemmental
poliq,knowledge)tomakeapparenttheweightofeach,
- estimationoftherelativestatusofHungarycalculatedbysub-jieldsineachof
the7fieldsintermsofscientljic,innovativeseTVicesandregulation(2.4d),
- estimationoftherelativestatusofthecountrywithregardtothe10most
advantageouseventsaccordingto2.4･d),
Thecountry'srelativestatusisintherangeof29.8%and37.4%consideringeach丘eldas
awholeandbetween24.2%and35.7%asminimumand33.4%and51.6%asa
maximum,respectivelywithregardtothe10mostlyadvantageoustoplCS.
Atbwexamplesarepresentedtoindicateinactual丘guresalsotherelevanceofresponses
andrespondents(Table1and2)
ThelateOfre甲OnSeStOthequestioIZnaires
Fl'ehI&Sub-jfeld Experts RI R2
Considered Qsezlt RespozlSeS % Qsent Responses %
HumanresourcesDemogaphy,lfestyleManpower;VOCaionaltrainlngPublicducationHighe 497 416 206 49 168 94 56
Lifesciences,healthcareEcoTWmZ'CalfactorsSocE'alfatorsdu tionlcidationanddevelopmentRiskfacrPharm uticlindustT 408 369 167 46 178 120 67
InformaticsInformationsocietyTrendsoftechnologydev.hjuureofseTVicesnrgulatnandEuope haT.mOnsatioolefd sicrsources 310 310 153 49 168 94 56
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Protectionanddev.ofthenaturalandbultenvironmentGlobaproblemsad irDmesicrehztioTLfSilu vtEnvironmealcoomyAirp uti prblemsrgyadeTZVlO ent 532 357 220 61 234 162 69
Manufacturing&businessNewmaeials,eqlPmenttehnologisBLTinssmnagmet 405 367 161 44 167 109 65
TransportationTrajPcsystemRodtnportUT.banrjPcCmbinedransportsystemilwaytrasportaionAitr p EW e spT.aion 444 347 190 55 198 128 65
AgriculturePlantcltivationandbreedingproecUtilisainofresourcesHori ureS kfaming,veteinaワygeneF d duC mplOafey nfodidlLTtTyB tch yOhr.( s al)relations 572 415 200 48 216 144 67
NoticeIQsymbolisesthequestionnaire;Rl,2representthelstand2ndroundofquestionnaires
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Bleakdownofrle甲Ondentnumbers(%)
Round Rl R2
Field H L Ⅰ P M T A H L Ⅰ P M T A
GenderMal 65 83 92 79 89 90 83 i66 84 88 81 87 92 78
Female 35 17 8 21 ll 10 17 34 16 12 19 13 8 22
Age20-29 3 1 3 3 1 5 1 2 1 1 3 1 5 1
30-39 8 5 10 10 5 8 8 10 3 10 8 2 5 7
40-49 37 19 25 28 18 27 29 32 16 26 30 15 30 28
50-59 39 38 49 45 44 42 41 44 34 48 43 44 46 41
60-69 10 30 13 ll 25 13 17 10 36 15 12 30 9 21
70andoVer 3 7 - 3 7 5 4 2 10 4 8 5 2
OccupationPdVatecomp. 8 22 35 13 30 23 19 ll33 23 28 13 30 21 17
Statecomp. 1 2 5 9 7 30 6 1 8 7 5 30 7
Highere.,res 33 46 47 41 1 46 41 35 39 4 4 45
Publicservice 35 23 7 4 4 4 6 34 28 5 11 5 2 9
GoVemment 15 3 14 17 7 11 8 13 4 20 19 6 9 6
Associations 2 l l 3 6 1 6 4 02 4 5 06
Others 6 3 3 7 75 10 9 5 3 2 7 9 13 10
ActivityR+D 27 61 47 49 l44 28 I37 26 60 43 48 41 35 37
NoticeIH:humanresources;L:Lifesciences,healthcare;I:irlformatics;P:protectionanddevelopment
ofnaturalandbuiltenvironment;M:manufacturing&business;T:transportation;A:agriculture
andfoodindustry
Finaly,asaclosingaction血eDelphireportsexaminedthesuggestedpaths丘)r
development(Table3).
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Themostpl10misingmealZSOfdevelopmelZtforHungary(%)
Fiehi *DomesticR+D Bylicence,know-how Purchasinggoods
HumanresourcesAverage 74 23 3
Forthetop10 65-85 14-27 0-8
Lifescience,healthAverag 76 18 6
Forthetop10 67-84 12-26 3-6
hfbmaticsAverage 57 25 18
Forthetop10 46-73 17-33 10-22
ProtectionofnaturalandbultenviromentAvrage 82 16 2
Forthetop10 85-91 14 1-4
Manufactunng andbusinessAverae 56 33 ll
Forthetop10 45-70 25-45 5-10
TransportationAverage 61 28 ll
Forthetop10 40-80 16-40 4-22
AgricultureAvrage 83 15 2
Note:*means"DomesticR+DHnotexcludingJOlntresearch
2.5.OtherappTlDaChesanda72alyses
Thereisnodoubt血atapplicationofDelphimethodsuppliedthebackboneofthe
HungarianTechnologyForesightProgramme･Atthesametimeweusedothertypesof
foresightinaddition.
So,eachsub-commiteehasmadeorwilmakeasuⅣeyonthebasisofitsDelphiresults
andtheexperiencesoftheCommiteemembers.Itwillbeakindofexplanatorystudy
withrespecttoeconomicandsocialrelationshipsandwilfocusmainlyonthereasonsfor
particulareventsandeffects.
SpecialanalysiswilbecarriedoutinthesesoICalledsub-surveystodiscover"cross-
impactM.Forexample,theTransportationSub-Commiteeinvestlgatedthoseresponses
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availableintheDelphianalysesofanOtherfivereportsoutoftheseven("Protectionand
developmentofnaturalandbuiltenvironment"."Manufacturingandbusiness
processes","Life science and healthcare" "LnfoT7naticsand telecommunication",
"Agricultweandfood-industry")relatingtotransportation.
BesidesapplyingtheDelphisuⅣeythesub-commiteesproducedstudiesin血efbm of
workinggroupreportsintheirownfields.Thesereportshavethreecommonfeatures.
Firstly,theygiveageneralpictureconcemingthepresentstatusofthatjieldsecondly,
theydrawupthealtemativepTV甲eCtSforthatspecljicJieldthatmightcometoapplyin
thefuture(a"pessimstic",a"neutral"or"stand-by"andan "optimstic"one),and
furthermoretheypresentrecommendations(onsocio-economicmeasuresandpriorities
forscientificandtechnologicaldevelopment).
SlidelOI"T71eSuggeStedpathtoi7TPrOVementinagn'culture"
ThesereportshavebeenrevisedsometimedunngthepresentperiodoftheHungarian
ForesightProgrammeandwillprobablybefinalisedwhentheSteeringCommittee
preparesitsfinalreport.
HereImusHoexpressmysincereappreciationtomycoleaguesattheformerNational
CommiteeforTechnologicalDevelopment(OMFB),wheretheOfficeforTechnology
ForesightProgrammewaslocatedforthetremendousworktheyhavedonesofar.My
gratitudealsoduetothecommiteemembersforprocessinginformation,preparing
studiesandletlngmeusethesefわrthispresentation.
Idohopethatthisconferencewilcontributetoacommonwayofthinkingandan
improvementinthelifeofoursocieties.
Furtherinformationontheconferencecan beobtainedfromwww.omfb.huorfromtheTEP
Office:_atila.haya～S@ofmb.x400竿W.itb迦
oDr･TothisaDirector-GeneralattheHungarianMinistryofEducationandtheHeadofthe
SecretariatforScienceandTechnologyPolicyCouncilchairedbythePrimeMinister.
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LESSONSLEARNEDINTECHNOLOGYFORSIGHTFROM
DEVELOPINGCOUNTRYPERSPECTIVES
MaleeSuwana-adth,Ph.D.
SpecialConsultant,NationalCenterforGeneticEngineenngandBiotechnology,Thailand
andChairperson,AsianAlianceofAppropriateTeclmologyPractitioners
ABSTRACT
TheestablishmentoftheAPECTechnologyForesight
subsequent丘)resightstudies,bothattheAPECandthenational
excelentopportunitiesforleamlngandobjectivecrossICultural
thevariouseconomiesandsocieties.
ThetraditionalperceptlOnOfTechnologyForesightas
mainlyindustrial competitivenesshasexpandedtoinclude
sustainableglobaldevelopment.ThedefinitionofTechnology
CenterinThailandandthe
levels,havecreatednewand
interactionamongandwithin
atoolmainlyfわrensunng
thesocialdimensionand
Foresight,advocatedbythe
APECTechnologyForesightCenter,thatexplicitlyincludestheadditionalsocialand
environmentaldimensionsaremuchwelcomeindevelopingcountries,aSexpressedby
membersoftheAsian AllianceofAppropnateTechnologyPractitioners-an Asian NGO
networkoperatlngmSeVeralAsia-Pacificeconomies.
RecenteconomiccrisisinAsia,especialyinThailand,hasconfirmedthebeliefthat
thereglOnalandglobaleconomicsystems,especialyinrelationtofinancialandcredit,and
thetransnationaltrading/economicsystemhaveasmuch,ifnotmore,lmPaCtOnteClmOlogy
developmentasthenationaleconomicsystem･Inthisaspect,foreigndirectinvestmentwas
identifiedasoneofthekeydrivingforceswhilethestrongsocialfabriCsoftheThaisociety
wasfoundtobeakeyfactorincushionlngthenegativeimpactsresultingfromthecrisis.The
emerglngtradeandtechnologydevelopmentissues,especialyrelatingtogeneticaly
modifiedorganisms,helpedtostrengthenthecase氏)rmoreefectiveteclmOlogyforesight
studiesandwidepublicconsultations.
INTRODUCTION
Technologyfわresight,asageneralpnncipleandinthebroadestsense,lSnotSOnewtO
developingmembereconomiesofAPEC,consideringthefactthatmanydohavebothshort-
andlong-term teclmologydevelopmentplanS･As rightlypointedoutbyProfessorGreg
Tegart,thefirstDirectorofourAPECTechnologyForesightCregart,1998),thattherearea
numberofactivities,suchasextrapolation,CriticaltechnologleSOrexpertPaneldiscussion,
consultation,scenariowntlng,PatentanalysISand,finaly,theincreasinglypopularDelphi
Surveys,thatcan begatheredupundertheterm Foresight.Itis,however,thesystematicand
structurednatureoftheTechnologyForesightthatholdskeytoitsefectivenessand,in
combinationwith someotherrelatedfactors,itssuccess･SuchsystematicTeclmOlogy
Foresighthaslongbeenappliedinseveraldevelopedcountries.Japan,USAandbmanyare
welknownfortheirexperienceandsuccesswithsuchtechnologyforesight･As such,itisnot
surprisingforTechnologyForesighttobegeneralyperceivedasamajortoolfToridentifying
opportunitiesin technologleSandmarkets,thusmaintainingoradvanclng industrial
competitiveness.
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ThailandisoneofthemanydeveloplngCOuntriesthathaverecentlyadoptedthe
foresighttechnique,includingtheuseofDelphiSurveys,initsresearchanddevelopment
plammg.
TheestablishmentoftheAPECTechnologyForesightCenterwasseenasanew
initiativedesignedtopromotetheadoptionOftechnologyforesightacrosstheAPECregionaS
welastofacilitateandmotivatemulti-economytechnologyforesightstudies.ltisfelt
appropnatetoshareafewthoughts,partlyasaconstructivefeedbackabouttheCenterand
partlytosharesomelessonslean edrelatingtoteclmologyforesightfromtheperspectivesof
developlngcountries.
RESPONSESTOTECIINOLOGYFORESIGHT
TheestablishmentoftheAPECTechnologyForesightCenterandthesubsequent
foresightstudies,bothattheAPECandthenationallevels,havecreatednewandexcelent
opportunitiesforleamlngandobjectivecross-culturalinteractionamongandwithin the
variouseconomiesandsocieties.ThedecisiontoestablishtheCenterin adeveloplng
economysuchasThailandhasbeenan importantfactorincreatlngbeterawarenessand
understandingofthegreater,ifnotful,potentialofteclmologyfToresightasan efective
developmenttool･Furthermore,thetraditionalpercept10nOfTechnologyForesightasatool
mainlyforensunngnationalindustrialcompetitivenesshasalsoexpandedtoincludethe
socialdimensionandsustainableglobaldevelopment.Thede丘nitionofTechnologyForesight,
advocatedbytheAPECTechnologyForesightCenter,血礼texplicitlyincludestheadditional
socialandenvironmentaldimensionsare,therefTore,muchwelcomeindevelopingcountries.
SuchperceptlOnWasexpressedbymembersoftheAsianAlianceofAppropnateTechnology
Practitioners(APPROTECHASIA)-an Asian NGOnetworkoperatingin severalAsia-
Pacificeconomiesaimedatempowermentofpeoplethroughthepromotionofappropnate
teclmology･Nevertheless,experiencehasindicatedthatawarenessandunderstandingof
issuesareonlypartoftherequlrementSforchanges.Positivebehavioralchangescan only
takeplaceifappreciationandcommitmentforchangesefectivelyfolowawarenessand
understanding.
StudiesofresultsoftheinitialsurveyofoplnionsonpossibletopICSfortheCenter
revealedthatenvironmentalprotection,clean/greenenergyandcommunications,folowedby
watersupplyandothers,Weresimilarlyhighlyratedbyalthreecategoriesofrespondents,
namely,APECmembereconomies,non-APECmembereconomiesandThailand.Trade-
relatedtechnologleSWereglVenOnlymoderateratlngbytheAPECgroupandThailandand
lowratlngbythenon-APECgroup.Technologyforesightexercise,throughsocialpreparation
andaseriesofconsultations,byAPPROTECHASIAidentinedsustainableagnculture/food
supplychainandwatersupplyaspnontylSSueS,folowedbyenvironmentalprotection,
communicationsandclea〟greenenergy･Atthenationallevel,thetechnologyfわresightstudy
intheagnculturesectorinThailandrevealedthatofthe20pnontytopicsidentifedfor
economicdevelopment,only7Wereidenti丘edforqualityoflift･
TECHNOLOGYFORESIGHTINTHENCOCOMMUNITY:
APPROTECHASIA)sEXPERIENCE
Itwouldbeuseful,aHhispoint,tObrieflymentionaboutAPPROTECHASIA･
APPROTECHASIAstandsforAsian AllianceofAppropriateTechnologyPractitioners-an
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Asian technology-orientedNGOnetwork,operatinglnSeVeralAsia-Pacificeconomiesand
being registered asateclmology resourcegroup with theUN偲SCAP･Currently,
APPROTECHASIAistheS･E･AsiaSecretariatfortheWorldWaterSupplyandSanitation
ColaborativeCouncilwithintheframeworkoftheGlobalWaterPartnershipProgram e.
With respecttoteclmologyfわresight,NGO communityworldwide,including
APPROTECHASIA,hasbene丘tedfromGermany'Stechnologyfわresightexpertisethrougha
seriesofGTZ-andTOOLISuPPOrtedtrainingatVariouslevels,i.e･intemational,FeglOnal,
sub-reg10nalandnational･Bene丘tgainedextendedbeyondcapacitybuildinglntechnology
assessmentanddecision-makingforappropnatetechnologyoptions/choicestoinclude,more
importantly,consensusbuildingamOnggreatlydiversifiedadvocacygroups･Keydriving
forcesidenti丘edincludedsharingofco禦noTconcem.andvisionandputingpeoplejirstin
derivingatjOlntaction.As such,vIS10nlngeXerCISeandconsultationthrough active
padicipation,precededbyappropnatesocialpreparationofpartlCIPantS,havebecome
prefTeredtechniquesintheNGOcommunlty.
TECHNOLOGYFORESIGHTINDEVELOPINGCOUNTRIES:
SOMEOIiSERVATION
Studiesofresultsof血einitialsuⅣeyofoplnionsonpossibletoplCSfb∫theCenter
revealedthatenvironmentalprotection,clean/greenenergyandcommunications,folowedby
watersupplyandothers,Weresimilarlyhighlyratedbyalthreecategoriesofrespondents,
namely,APECmembereconomies,non-APECmembereconomiesandThailand.Trade-
relatedtechnologiesWereglVenOnlymoderateratmgbytheAPECgroupandThailandand
lowratlngbythenon-APECgroup･Technologyforesightexercise,throughsocialpreparation
andaseriesofconsultations,byAPPROTECHASIAidentifiedsustainableagnculture/fTood
supplychainandwatersupplyaspnonty lSSueS,folowedbyenvironmentalprotection,
communicationsandcleal/greenenergy.Thisimpliesthatcormonconcemandvisioncould
beachievedif"socialpreparation"ofparticipantsareundertaken･Ontheotherhand,the
teclmology-orientedforesightstudy,atthenationallevel,intheagnculturesectorinThailand
revealedthatofthe20pnontytopicsidentifiedforeconomicdevelopment,only7Were
identifiedforqualityoflife･
RecenteconomiccrisisinAsia,especiallyinThailand,hascon丘rmedthebeliefthat
thereglOnalandglobaleconomicsystems,especialyinrelationtofinancialandcredit,and
thetransnationaltrading/economicsystemhaveasmuch,ifnotmore,impactontechnology
developmentasthenationaleconomicsystem･hthisaspect,foreigndirectinvestmentwas
identifiedasoneofthekeydrivingforceswhilethestrongsocialfabriCsoftheThaisociety
wasfoundtobeakeyfactorincushionmgthenegativeimpactsresultingfromthecrisis･
Unfortunately,thetopicOflifestyleandculture,whichisofinCreaslngInterestinthepresent
multiculturaucross-culturaleconomy,wasnotglVenhighprioritybymembersfわrinclusionin
theCenter'sscopeofstudy･Itisalsoofinteresttonotethattheemerglngtradeand
developmentissuerelatingtogeneticalymodi丘edorganismshasalsohelpedtostrengthen
thecaseformoreefectivetechnologyforesightstudiesandconsultations.
CONSTARINTSTOTECHNOLOGYFORESIGHTRESEARCH
ANDAPPLICATION
ItisundeniablethatthemostcormlOnconstraintencounteredin undertaking
technologyforesightthathasbeenidentifiedbybothdeveloplngaSWelasdeveloped
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countriesis,notunexpectedly,financialinnature.Consequently,emerglngindustrializing
economies,includingespeciallyThailand,havebeensubjectedtorapidnowoftechnology,
oftenbydefaultthan bydesign,throughforeigndirectinvestment･hdevelopingcountries,
technologyfわresightresearchhasyettoplaytheroleininfluenclngdecisionrelatingto
transnationalinvestmentintheeconomy.
Inaddition,umsystematicsocioIPOliticaldecisionsin countrieswith lesspolitical
stabilityhavealsoaddedadditionalunexpecteduncertaintiestothepotentialapplicationof
systematictechnologyforesightnsearchresults.
CONCLUSION
Basedontheseexperiences,itappearstobedesirabletoglVeSeriousconsiderationto
theneedforinclusionoflocal/indigenousuexperts"infuturetechnologyfわresightstudiesand
exercises,especialyatthenationallevel.haddition,theprocessofconsultations,bothatthe
nationalandtheregionallevels,insupportofandsupplementarytotheDelphiteclmique
shouldalsobeexpandedbothinthehorizontal(multi-countryandmulti-sector)andvertical
(top-downandbotom-up)directions.
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Authority,IJegitimacyandCredibilityofTechnologyForesightStudies
ByTam sinJewel,KitiwatUchupalanan andChatriSripalPan+
Abstract
Recognizingthatauthority,legitimacyandcredibilityare舟ndamentaltosuccessintechnology
foresight,thispaperemploysanumberofcasestudiestoexaminetheseissues.Ajlameworkof
analysistockzssljythedegreeofimporkznceofthesethreeimportantparametersindlHerentstagesof
theforesightprojectisproposed.Lessonsjlompreviousforesightresearcharebriej7yreviewedto
providebackgroundtothecasestudies.ThecasestudiesaredrawnjlomprojectsoftheAPECCenter
forTechnologyForesightattheirvariousstagesofoperation,andaprojectontheルturedirectionsof
theNationalScienceandTechnologyDevelopmentAgencyofThaikznd,wherealtheauthor.Swork.
Constraintsinthemandateandresourcesofthestudiesareidentifiedandsomemeasurestoincrease
theauthority,legitimacyandcredibilityofforesightstudiesareproposed.
1.Introduction
Thispaperatemptstoilustrate,throughanumberofcasestudies,theimportzulCeOfauthority,
legltlmaCyandcredibilityinVariousstagesoftechnologyforesight.Thoughauthority,legitlmaCyand
credibilityareimportanttoallpolicyresearch,theyarepedlaPSaSPeCialchallengetotechnology
foresight･ForesightisbynaturemultiAiscIPlinary,requiringtheexpertiseofdisparategroupsinorder
tocombinescientificandtechnologicalexpertisewithanunderstandingofsociety,economyand
environment.Itisusualyintendedtohaveamajorimpact,andoftenincludescontroversialissues
wheretherearelotsofvestedinterests.Thisisespeciallytrueofprioritysetingforthealiocationof
resources,whichisacommonapplicationofforesight.Thissectionwilprovidethede缶nitionforthe
terminology,describetheframeworkofaJlalysis,andgivesomesuggestionsonmakingforesight
effective.
Terminology
TheAPECCenterforTechnologyForesighthasadoptedthefolowingdefinitionfortechnology
foresight.
HSystematicatemptstolookintothelonger-term舟tureofscience,technology,economy
and society,witha view to identljying emerginggenerictechnologiesand the
underpinning areasofstrategicresearch likely toyiehithegreatesteconomic,
envi7'Onmentalandsocialbenefits."
Authority,legltlmaCyandcredibilityareintrinsicallyIntertwined. Eachshouldbeobservedand
analyzedinrelationtotheothertwo,butitcanbeuseful,forthesakeofleamlngfromtheanalysis,to
considerthemseparately.
Authorityislinkedtotheconceptsofpowerandinfluence.Itisthelegalrightortheabilitytocontrol.
Authoritymaybeexerciseddirectly,exercisedonthebehalfoftheone'sinauthority,exercisedwith
thepemi ssionoftheauthorityorexercisedwiththesupportofsomeoneinauthority.Forexample,in
anexerciseorientedtopnontyseting,theauthorityrequiredtoensureapolicyImpactmaycone
MsTamsinJewel,PohcyResearcherattheAPECCenterforTeclmologyForesight,NationalScienceand
TechnologyDevelopmentAgency(NSTDA);DrKitiwatUchupalanan,DeputyDirectorofScience,
TeclmologyandInnovationPolicyResearchUnit,NSTDA;DrChatriSripalPan,CoIDirectoroftheAPEC
CenterforTeclmologyForesight,andDirectoroftheScience,TeclmologyandInnovationPolicyResearchUnit,
NSTDA,73/1RamaVIRoad,Rajdhevee,Bangkok10400,Thailand.Email:apectf@nstda･or･th
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fromtheinvolvementofhigh-levelofficialSinframlngthetermsofreference,orenrolingthoseina
positionloinfluencebudgetaryandpolicy-makingprocesses.
neterm l`egitimacy'expressestheconceptsofgenuinenessandvalue.Itisoftenderivedfrom
authoritybutthisisnotinevitable,andlegitimacyderivlngOnlyfromauthoritylSrarelysuficient.
Legitimacymaybebuiltuporlostintheplt)CeSSOfforesightdependingontheconductoftheproJect･
Toenhancelegitimacy,youwouldseektheendorsementofscientistsandprofessionalassociations,so
thattheresultaretakenseriouslyandrespected.Theprocesswouldneedtoinvolveallstakeholders･
Credibilityexpressestheideathattheresearchoutcomescanbebelieved;thequalityisenough for
themtotrustedandaccepted.Forexample,iftheresultsseemtochallengeconventionalwisdom,
Criticsmayatacktheforesightmethodology;therefore,youwouldneedtoensurethatthetechniques
employedweretechnicallyngorouswithaccuratebackgrounddata.
Frameworkofanalysis
Forthepurposeofthisanalysis,thedegreeofthesethreeimportantparametershasbeenclassifiedas
substantial(high),workable(medium)orinsufficient(low).Itishelpfultorecognizethatauthority,
legltlmaCyandcredibilityhavel`egal',social/organizationalandintelectualelementswhosedegree
ofimpactmayvaryindifferentstagesoftheforesightprocess.Forexample,atechnologyforesight
projectmayhavelitlelegalauthoritylnthepre-foresightstage.Bycoordinatlngallthestakeholders
toworktogetherinthemainforesightstage,itgraduallygainslegllmaCy.Leadingresearchers
provideintelectualauthority,whichleadstocredibility.Inthepost-foresightstage,ahigh-ranking
officialwhoisdirectlyresponsibleforthesubjectandlendsitthelegalauthoritymayendorsethe
project,
Ineachcasestudy,wewiltrytoidentify theextentandthetypeofauthority,legitimacyand
credibilitythatcanbeobserved.
Lessonsfromforesightresearch
Afternearlyhalfacenturyofforesightresearch,somelessonsonhowtoincreaseitseffectivenesscan
beleaned.Abriefreviewofthesemaybeusefulbackgroundtothecasestudies,andtheimplications
thatariseforestablishingauthority,legltimacyandcredibilityinfuturestudies.MostofthesepolntS
derivefrom national Studiesbuttheyareneverthelessapplicableforstudiesateverylevel･
Assessmentoftheforesightstudieshasshownl:
1)Foresightstudiesshouldplanforuncertainty,recognizingthattherearerangeofpossible
futuresandthefutureisbasicallyunpredictable;
2)Theneedtolinkprocesswithdesiredoutcome.ForexampleacarefulyselectedSteering
Commiteeoraprogram c`hamplOn'Canhaveadramaticeffectonsuccessfuloutcomes;
3)Theneedtoinvolveallthestakeholders,notjust'experts'fromthetechnologyfield(S)･For
example,somestudiesindicatethatexpertsmayhaveapoorunderstandingofthesocialand
economicimplicationsoftheirwork;stakeholdersarebothproducersandusersofresearch.
4)Theneedtodrawonawiderangeofexpertise.Forexample,expertsinasubfieldareoften
foundtobemoreoptlmisticthanthosefromneighboringfields,perhapsbecausetheyareactlngaS
advocatesfortheirsubfield･,
5)Theneedtoberealisticabouttimeavailableandwhatcanbeachieved.Forexample,the
DelphisurveyperformedaspartoftheearlyUKnationalforesightprogrammewascompletedtoo
latetoincludetheoutcomesinthefinalrepc･rt,whichhadaslgnificanteffectontheprogramme's
credibility.
6)ThatForesightshouldfocusnotonlyonprovidinginformationbutalsoonchangingmind-sets
andbuildingnewnetworks;processcanbeasimportantasoutcome',
7)Thatthereisnosimplecorrelationbetweenprogramobjectivesandforesightmethods;studies
shouldbedesignedaJldmethodschosencarefulyforeachcontextandpurpose
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ItisalSoworthnotlngthatwhilemeasunngforesightprogram effectivenessishighlydesirable,itis
extremelydifficulttodoso.TheeffectsmaybefeltoverseveralyearS,aJldthereareamyriadof
innuencesondecision-makers,ofwhichtheforesightexercisemaybeonlyonepart.Andthereareno
guarantees:thebestofforesightexercisescanbeignoredorsweptaside;asmanyharassedcivl
servantswiltestify,govemmentschangeandpolicydecisionsarenotalwaysrational!
2.CaseStldies
2･1Authority,LegidmacyandCredibilityoftheAPECCenterforTechnologyForesight
studies
TheprojectsoftheAPECCenterhavebeendescribedfulyinotherpublicationslandcanbeconsulted
onthewebsiteoftheCenter(htp:/www･apectf.nstda.or.th).Thereforethispaperoffersonlyabrief
descnptlOn.
TheCenter'sresearchprojectsatemptedtoinvolveexpertsfromal1theAPECmembereconomiesin
regionalforesightprojectsOn:
1)Watersupplyandmanagement,1998
2)Technologiesforleamingandculture,1999
3)Sustainabletransportformegacities,1999
4)Healthyfuturesformegacities,199912000
hthefirst2studies,theoutlinemethodswereanIssuesPaper,folowedbyaScenarioworkshop,then
a2roundDelphi,concludingwiththefinalanalysisandreport.Inthe3rdstudy,therewasnoDelphi
butinsteadamuchmoresubstantial individual researcheffortinvolvingliteraturereview and
consultationwithexpertsbypostandthroughvisitswithexpertsintheregion.The4thstudy(whichis
notyetcompleteattimeofwriting)beganwithaDiscussionPaper(ratherthan anIssuesPaper)which
wasCirculatedwidelyandthustherewasamuchlongerplanningphase,du血gwhichtimetheproject
madecontactwithotherkeyagenciesinthisfield.ProjectgoalSandprocesseswerethensetledby
thekeyorganizersafterseveralmonthsofplannmg.
Ineachcase,thetangibleoutputsofthestudywerepublications:ShortsummariesoftheproJeCtandits
policyrecolnmendations,andlongervolumeswhichdescribedtheprojectmOrefulyandgavethe
detailedoutputoftheresearchand/orDelphiprocess.TheCenterthenneededtodoextensivefolow
uparound也ereglOn,tOensurethatthesedocumentswerebeingreadandwerehnuencmgthosewith
thepowertomakedecisions.Theexpertsinvolvedinthestudieswereimportantaliesinthistask･
h eachstudy,theCenterwasa'thirdparty',intemationalbodywithnoimmediateauthority,
legltimacyorcredibilityfromtheperspectiveoftheexpertsandpolicymakersineachtopic.Within
APECitself,theCenterhadsomeauthority,legltimacyandcredibilitythroughits血kswiththe
IndustrialScienceandTechnologyWorkingGroup. However,theAPECbureaucracyhasno
decision-makingsystemthatwouldimplementthekindofpolicyoutcomesthatourforesightprojects
mightrecommend.Unlikesay,theEuropeanUnion,thereisnoAPECparliament,andAPECitself
canonlyinfluenceratherthanenactanyrecommendationsarislngfromtheforesightwork.nusthese
threeessentialparameterswereindeedachalengefortheAPECCenterforTechnologyForesight!In
addition,withlimtedresources,itwasextremelydifficulttoengageallthestakeholderssufficiently,
glVenthepracticaldifficultiesofdealingwithsuchalargeanddiverseregion
Inthesecircumstances,itwasinevitablethatauthoritywasunlikelytobesubstantialbutthechallenge
wastoraiseittoworkablelevels.Atpre-foresightstage,developlnglinkswithkeylnStitutionsin
eachmembereconomywasvaluable.Atthepostforesightstage,theCenterplannedtousetheAPEC
structurestodrawprojectOutcomestOtheatentionofMinistersandLeadersbut,asinanylarge
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bureaucracy,ittakestimetomoveupthelevels.Formulti{ountryforesight,achievingauthoritycan
bealengthyprocess.
LegitmacylSequallyachallengeforathirdpartylntemationalbody.Itwasmadeworkablebythe
linkswithexpertsandinstitutionsthathaveastrongnational,ifnotintemational,reputation.As we
discoveredintheMegacitesproject,keyinStitutionsmayexistbeyondourusual framework,suchas
theWorldHealthOrganisationortheWorldBank,buttolgnOretheirexperiencewouldcertainlyhave
reducedthelegltlmaCyOfthesmdy.
Credibilityintermsoftheforesightprocessisperhapsdiedimensionthatcanreachsubstantiallevels
in atechnologyforesightcenter,SincethisisthefocusoftheCenter'Sexpertise.Yetevenhere,
credibilitytakestimetobuildup,throughdemonstratingthatthespecialchallengesofadapting
existingforesightmethodologleStOmulti-nationallevelhavebeentackledrigorouslyandcreatively.
nlereisnodoubtthatasthestudiesprogressed,theirmethodologiesbecameincreasingly
sophisticated,aimedatmaximlZlngthevalueoftheoutcomeswithintheconstraintsofthesetlng.
As withallforesightprojects,theinvolvementoftherightexpertsplayedakeyroleinboosting
legltlmaCyandcredibility.Thiscaneveninfluencethelevelofauthority;anexpertinthewaterstudy
actedasakindof`champlOn'forthestudy,promotingltWithinhiseconomytotheextentthatitwas
acceptedby也osewithpower.
Tosummarize,inthesemulti{ountrystudies,authority,legitlmaCyandcredibilitywerederivedfrom:
◆ mel`egal'mandateofAPEC,throughtheIndustrialScienceandTechnologyWorkingGroup
+ Theinvolvementofrespectedinstitutionsand/orindividualS:(theNationalResearchCouncilof
Canada;theCenterforStrategicandEconomicStudiesattheUniversltyOfVictoria,Australia;the
Kenan InstituteofPrivateEnterpnseatUNCatChapelHil,USA;theCenterforDiseaseControl
atAtlanta,USA.Therewasnosuchlinkforthefirststudyonwater,buttheywereestablishedfor
subsequentones･Theselinksmadeaveryimportantcontributiontothecredibilityoftheproject,
andtheabilitytoengagetheinterestandparlCIPationofstakeholders.
◆ TbeinvolvementofrespectedConsultantstocreateacredibleprocess-inthecaseoftheAPEC
Center,Consultantswithawealthofdirectlyrelatedexperience,whohadpublishedwidelyand
wereintemationallyrecognizedasforesightexperts,wereengaged.TheseConsultantswere
largelydrawnfromtheCenter'shtemationalAdvisoryBoard.
◆ RecognltlOnthattheissuestackledwereimportantandwereappmpriateforastudyatthislevel,
i･e.,regional･PartofthisrecognitionwascreatedbyasurveyofopinionsofallAPECmember
eCOnOmeS.
2.2Authority,LegitimacyandCredibilityoftheForesightStudy:FutureDirectionof
theNatiorLalScienceandTechnologyDevelopmentAgencyofThailand.
Background
necaseofNational ScienceandTechnologyDevelopmentAgency(NSTDA)providesan
opportunltytOObserveandanalyzeauthority,legltlmaCy,andcredibilitylnan intra-organizational
foresightprocess.As indicatedabove,eachofthesekeyelementscan beclassifiedintothreetypes:
legal,social/Organizationalandintelectual.Andtheremaybethreelevels:substantial(high),
workable(medium),andinsufficient(low).Itisworthnotingthatthesecommentsareofferedbythe
intemalconsultants,ralSlngtheissueofobjectlVlty.However,theexperiencesofintemalconsultants
conductingorganizationalforesight,desplteitsobvioussubjectlVlty,Can beusefuliftheyaretobe
sharedaslessonsamongforesightpractitioners.
neNationalScienceandTechnologyDevelopmentAgency(NSTDA),establishedin1991,isa
publiclyfundedautonomousorganizationafiliatedtotheMinistryofScience,Technologyand
Environment･NSTDAconsistsoftheNationalCenterf♭rGeneticEngineenngandBiotechnology
(BIOTEC),theNationalMaterialandMetalTechnologyCenter(MTEC),theNationalElectronicand
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ComputerTechnologyCenter(NECTEC),andaCentralOffice.NSTDA'sBoardofDirectors,chaired
bytheMhisterofScience,TechnologyandEnvironment,govemsanddirectsitspolicyand
management･TheExecutiveDirectorisresponsibleforoveraloperationoftheagency.Employlng
almost1000staff,NSTDA'swiderangeofactivtiescoversR&D,technicalservicesandstandard
testing,humanresourcedevelopment,hi-techbusinessdevelopment,ruralandsocialdevelopment,
andnationalpolicyresearchandplannlngregardingscienceandtechnologydevelopment.
Inmid-1998,NSTDA'ssecondExecutiveDirectortookoflCeafterover10yearsasthefirstdirector
ofNECTECplustwote-spresidencyofahighlyprestlglOuSuniversltylnappliedsciencesand
englneenng･Amidstthecountry'seconomiccrisis,generalpublicandthegovemmentincreaslngly
demandedpublicorganiZ,ationstoenhancetheirperformanceandtobemoreaccountabletothepublic
needs･NSTDAwasnoexception.Inordertoshapeafreshdirectionfortheagency,thenewexecutive
director,inlate1998,consultedwithhistopstaffonwaysinwhichtheagencycouldlookintothe
futureanddrawsomeimmediatestrateglCactionstopursueforafewyearstocome.NSTDA'snewly
establishedpolicyresearchunitwasasslgnedtocaryoutthefirstroundofaNSTDA foresight
projectincooperationwithotherexistlngunits,e.g.plannlngandpolicydivisionsoftheCentral
Officeandthethreenationalcenters･ScenarioplannlngWasemployedinanexecutiveworkshopheld
inDecember19981TheresultofscenarioplannlngWasthendisseminatedamongNSTDA's
executivesandrelevantstaff.Takingthescenariosforward,thesecondandthirdexecutiveworkshops
wereorganizedinJanuaryandMarch1999toconductSWOTandStakeholderanalysesinpursuitof
theagencysstrategies.Thismarkedtheendofthefirstroundofthis'intral0rganizational'foresight
)
Project.
Analysis
+ Pre･foresight
hthepre-foresightstage,theExecutiveDirectorinitiatedtheproject,WiththeadviceoftheDirector
oftheabove-mentionedpolicyresearchunit.ThisDirectorwasalsotheCo-DirectorofAPECCenter
forTechnologyForesight.Basedonhisexperienceasapolicyadvisor,hewassuficientlytrustedto
conducttheorganizationalforesightprocessalongwithhisstafffromthepolicyresearchunit.It
shouldbenotedthatalthoughthepoicyresearchunithadnoauthodtyinNSTDA'sorganizational
plannlng,itsmandatetopursuetheassignmentCamefromtheExecutiveDirectorwhowasincharge
oftheagency.Thislentsubstantial'legal'legltlmaCytOtheunit.Inpiannlngandorganizingthe
foresightprocess,thepolicyresearchunitsoughtthesupportofpeoplefrolnPlanningdivisionsacross
theagency,whichhelpedtoimproveitssocial/organizationallegltlmaCyandmadethepre-foresight
stagemoreworkable･ApartfromrelyingontheexpertiseoftheirDirector,intelectualCredibilitywas
enhancedbyconsultationwithanumberoffrequentlycitedbooksonscenarioplannlngandthe
developmentofaclearandunderstandablemanualforthescenarioworkshop.Despltetheworkable
levelofthepolicyresearchunit'slegltimacyastheforesightorganizers,theauthorityoftheExecutive
Directorremainedcrucialinthefirststageandwassoughtinmakingofficialinvitationtoseniorstaff
tojointheworkshop.
+ ForesightStage
hrunnlngthescenarioworkshop,theorganizersspokewithworkableauthorityabouttheobjective,
process,andexpectedresults.Theyderivedconfidencefrom aseriesofdry ru ns andintelectual
credibilityfromdevelopingadetailedworkshopmanual.Inadditiontothiscarefulpreparation,the
organizers'sociallegltlmaCyintheworkshopwasboostedbythefactthattheaudiencewasreceptive
andparticipative･Groupfacilitators(organizers)werepreparednottodominatebuttolettheprocess
flowflexiblywithinthetimeschedule･hthebreakoutsessions,glt)uPmemberselectedtheirchairs
andsecretaries･Groupatmospherewasreasonablyamicable･Intheprocess,threefuturescenariosof
NSTDAweredraftedandconcluded.
+ Post･foresightStage
Aftertheworkshop,aProceedingsdocumentwasproducedcontainlngdetailsofdiscussionsaJldthe
threeNSTDAscenariosandthiswasdisseminatedamongallpartlCIPantS･neProceedingsgained
sufficientsocialcredibilityduetothelegltlmateandtrustedforesightprocess･'Legal'legltlmaCyOf
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theforesightresultswasinCreasedwhentheywerepresentedtomembersofNSTDA'sboard･Given
thethreescenarios,NSTDA'smanagementcommiteedecidedtogoforwardwithasecondworkshop
inordertotranslatethescenariosintostrategleSandim ediateactionstofolow.DrawingOn
substantialcredibilityfromplannlngandorganlZlngthe丘rstworkshop,thepolicyresearchunitwas
againassignedtoholdresponsibilityforthesecondandthirdworkshop,withlegitmacyconferedby
theExecutiveDirector.
3.ConcllSionS
Itisalreadywelrecognizedthatauthority,legltlmaCy,Credibilityarefundamentaltothesuccessof
foresight･Measurestoachieveauthority,1egitimacyandcredibilitymustbebuiltinfromtheearliest
plannlngStagesOftheproJeCt･Thewaysofachievingthemwilvarylneachstudy,anditisimportant
torememberthattheyarenotstaticdimensions.Theycan beboostedduringthecourseofthestudy,
fromworkabletosubstantiallevels,andneedtobemonitoredtoensurethattheydonotdropto
insufncientlevels.An alysisofrealforesightstudiesindicatesthatforesightisan artasmuchasa
science･Itisessentialtoevaluatepreviousstudiesandtoleamfromexperiencetomaximizechances
ofsuccess-buteventhemostcarefulplannlngCannotdetermineexactlywhatwilhappenduringthe
project,andorganizersmustbeopentoopportunitiestoincreaseauthority,legltlmaCy,andcredibility
asthestudyprogresses.Itfolowsthatthebestwayofleamlngaboutforesightistodoit-thetacit
knowledgebuiltthroughexperience,andthewilingnesstoseizeopportunitiesduringthestudy,Can
makethedifferencebetweensubstantialorminorimpact.
LRonJolmston(2(X泊,inpress)Foresight-ReliningtheProcessIntemationalJournalofTeclmology
Management;BenMartinandJolm Irvine(1989)ResearchForesightLondon;OECDSTIReview(1996)
SpecialIssueonGovemmentTechnologyFol･eSighEExercisesNo.17Paris;TheUKRoyalSociety(1995)
TechnologyForesightLondon.
uforexample,GregTegart(200)Multi-economyForesight‥ExperienceoftheAPECCenterforTeclmology
Foresight:Presentationtothe"IntemationalConferenceonTeclmologyForesight:approachtoandpotentialfor
NewTeclmologyForesight"7-8March2000Tokyo,Japan･
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appl10aChM
IntegrationofSocio-economicNeedsintoTechnologyForesigh t
ProfJsaoKARUBE
Director,CenterforColaborativeResearch,UniversityofTokyo
Vice-Chairperson,theTeclmologyForecastSteeringComi tee
ABSTRACT
ThepaperpresentscurentJapaneseteclmOlogyforesightprograminwhichaneedsapproach
methodologylSapplied.ThepnontysetingforfutureJapaneseR&Dactivitiesisanimportantissue
andthelatestpoliticalandadministrativechangesareshown asabackgroundofforesightactivities.
Itisnecessaryforpnoritysetingananalysisonfuturesocietalneedstoscienceandtechnology.
'FutureneedsforScienceandTeclmologybasedonNationalLifestylein2010S"isastudy
conductedbyNISTEPtomeetthisrequlrementandtopreparethenextforesightprogram.Future
peoples'needsforscienceandteclmologyin2010swereexaminedwith12aspectssuchashealth
care,diet,information,safety,andlifestyle･ATechnologiCalanalysiswasdoneuslngmorethan
1000technologleSin thesixthDelphisurveyreportedin1997andthenecessltytOincrease
teclmologlCaltopICSinsomefieldstomeetthesepeoples'needs.
ThecurrentseventhteclmologyforesightsurveylSCariedoutnow･Theoutlineofthesurveyare
describedfocuslngOnintroductionofsocietalneedsapproachandthestructureofteclmologiCal
fieldsandcorrespondingexpertspanels.
1･ScienceandTechnologyinJapan
TheScienceandTeclmologyBasichw establishedin 1995clearlyshowedthatthe
promotionofscienceandtechnologywasanimportantpolicyIssue.nieScienceandTeclmOlogy
BasicPlanwasestablishedinJuly1996toindicateconcretescienceandtechnologypoliciesforthe
five-yearperiodfromFY1996toFY2000,andithasresultedinthefirm implementationofvarious
measures･Accordingtothisbasicplan ,thegovemmentwasrequiredtoextenditsinvestmentto
scienceandtechnologyasapercentageofGDPmustbeatalevelcompaLrablewiththemain
European andNorthAmeriCan countriesatthebeginningOfthe21stcentury.nLiscallsfora
doublingofinvestmentduringtheperiodofthebasicplan,sothatthegovemment'sexpenditureon
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scienceandteclmologyduringthefive-yearperiodisrequiredtoreach17trilionyen.Thisamount
isexpectedtobeapprovedifthebudgetpresentlybeingdebatedbeforeParliamentispassed.
Govemmentaladministrativeorganizationswilbereorganizedin2001.Theactivitesofthe
CouncilforScienceandTechnologywhichisresponsiblefornationalbasicpolicyonscienceand
technologywiltransferedtotheComprehensiveScienceandTeclmologyCouncil.Thiswil
provideaframeworkforinvestlgatmgscienceandtechnologypolicyissuesfrom an overal
perspective,incorporatingnotOnlythenaturalsciencesasbefore,butalsoperspectivesfromthe
socialsciences･Also,suchrevolutionaryinitativeswinbetakenascombiningoftheScienceand
TeclmologyAgencytogetherwiththeMinistryofEdtlCationtoproduceaMinistryforEducation,
ScienceandTeclmologyresponsibleforcovermgawideR&Dareafromthebasicsthrough to
apphcation.
Underthisenvironment,weareproceedingtowardsanextScienceandTechnologyBasic
Plan andareexperienclnganeraOfchangingSystemsandplans,whereassessmentandinvestigation
ofteclmologicalissuesfacingJapaninthefuturehavebecomeimportantissues.
Tbisisalsoaneraofchangingconditionsinsocietyagainstthebackdropofscienceand
teclmologyactivites･Japan'spopulation,withalowfertiHtyrateandgraylngsociety,isforecasted
topeakin2007andthentostartdecreasing.Thevarioussystemswhichcontroloursocietywere
formulatedduringan agewherepopulationwascontinualyincreasing.Theinferedpremisewas,
inmostcases,thateverincreaslngpopulationwasagiven,andnowthatdecreasingPOPulationis
uponus,theefectsonsocietywilextendbeyondmerelyissuesassociatedwithsupplyanddemand
imbalancesin thelabourforce.Atthesametime,environmentalrestrictionssuchasglobal
warmlng,arebecomlnglnCreaSlnglyurgentandthesefactorsalsowilhaveasignificantimpacton
society･ Thesesocial andeconomicfactorsrequireadequateconsiderationwhenprioritizing
directionsforscienceandteclmologylnthefuture.
2･ScientificandTechnologicalAnalysisthatAnswersSociety'SNeeds
RecognlZmgtheimportanceofasystematicanalystsapproachtotheissuesofhowscience
andteclmologyrelatedtooursocial andeconomicneeds,NationalInstituteofScienceand
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TeclmologyPolicyconductedasurveyanalyzingthefutureteclmologyoutlookpresentedbythe
varioustechnicalexpertsinvolvedinthe'T6thTechnologyForecastSurvey"uslngtheDelphimethod
fromtheperspectiveofsociety'sneeds.
Theresearchhasf∝usedontwopoints.Thefirstistheneedtograspwhatpeople'smedium
andlong-termneedsare.Therearethreethingstoaimforinscienceandtechnologytoachievethe
BasicScienceAn dTeclmologyPlan:(1)waysofdealingwithissuesregardingcreationofnew
industriesandrapidadvancementofinformationandcommumicationtechnology;(2)reaching
decisionsonproblemsafectinguSOnaWOrldwidescale,suchasenvironmentalissues,food
supplies,andlimitedenergyaJldresources;(3)measurestomeetpeople'sneedssuchas
improvementofpeople'shealth,Overcomlngandpreventingdiseases,andpreventingdisasters･
Theseissuescoveraverywideambitofhumanneeds,andasJapanentersan eraofsocietal
changeresultingfromthedemographicchange,acomprehensivereviewspannlngthemediumand
long-ten isrequired､
Thesecondpointistheneedtoinvestigatemethodswhichwilshowustheimportant
teclmologiesfromasociety'sneedsperspective.Twodiferentapproachesmustbetakentowards
furtheringresearchanddevelopment. OneisatechnologiCal approachtoassesstherelative
importanceoferedbytheirtechnologlCalpossibilitiesexaminingthemediumandlong-termtrends
inthevariousfieldsofscienceandtechology.Anotherisaneedsorientedapproachtoexamineour
economicandsocialneedsinthefuturetoascertainresearchanddevelopmentissuesthatwil
answerthoseneeds.ThisapproachfocuslngOnOurneeds,requlreSdevelopmenttosupplementthe
teclmicalapproachoferedbytheDelphisurvey.
TherehasbeenanawarenessofthisneedsanalysisapproachevenintheSixthDelphiSurvey
conductedpreviously.TheTechnologyForecastSurveyaimedtoascertainspecialistknowledge
fromsurveyrespondents,SogroupsofexpertswereestablishedtoprovideanSwerstoteclmologiCal
topICSindiferenttechnologiCalfields,andtheywereissuedwithquestionnaires. Thepanel
memberswhoareresponsibleforthepreparationoftechnologiCaltopICStObesurveyedwere
requiredtoproduceateclmOlogymapbasedonthetwoaxisoftheteclmologicalcategoriesfornng
theirfield,andtheobjectivesoftheteclmology.PositionlngteClmologicaltopicsthatarecandidates
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forresearchstrategicallyonthemapenabledconsiderationfroman overallbalancedandinclusive
perspectivesoteclmologiCal topICScouldbeestablished,includinginvestigationsintothe
importanceoftheirimpactonsocietyandtheeconomy.Accordingly,establishingtheissues
requirednotjustconsiderationofteclmologiCalpossibiltiesandtherelevanceofteclmologies,but
includedalsoan investigationintosocioeconomicconsiderations.TeclmologleSthatrespondto
society.sexistingteclmologicalneedswerealsoexploredin somecases. Forexample,the
TeclmologyForecastingComi teeatthe6thTeclmOlogyForecastSurveydecidedonfourareas
whichcouldnotbeapproachedascategoriesofteclmologleSStandingindependently,astheyare
issuesthatrequlreaCOmPrehensiveviewofvariousteclmologycategories･Thesewere'Dealing
WlthneAgingSociety"(Creatingabarrierfreeenvironment,maintainingqualityoflifeand
assistingpeopletobeindependent),'lMaintainingSafety■'(Deahngwithnaturaldisastersand
computercrime),EnvironmentalPreservationAndRecyc血g (Developingnewenergies,low
energyconsumptioninitiativesandrecyclingteclmology)andfinally.lSharedFundamental
Teclmologies(Designteclmiques,processingteclmologies,handlingsystems,andteclmiquesfor
makingobservationsandtakingmeasurements).Eachteclmologycategorygroupwasinstructedto
includeconsiderationofimportantteclmologleSrelatedtothesefourareasastheyestablishedthe
issuesrequiredintheircategories.Eachteclmologygroupslreportswere打rangedtoincorporate
considerationofthesefourareasinrelationtoteclmologyIssuesthroughouttheiranalysis.
Researchon"FutureNeedsforScienceandTeclmologybasedonNationalLifestylein2010S"
asafolow-uptothe6thTeclmOlogyForecastSurveyconcentratedontheoutlookforourfuture
needsbyinvestigatingimportantissuesforsocietyandtheeconomy,socialmakeup,systemsand
teclmology.Aspecialfocusoftheconferencewasthemethodofcontrastlngtheresultsofthe
TeclmologyForecastSurveyregardingteclmologlCalmaters.Basicallythatinvolvesthefolowlng･
a.Preconditions
Theperiodforforecastsextendsuntiltheendofthe2nddecadeofthe21stcentury,about20
years.Factorsofchangerequirngconsiderationforalongterm forecastinclude(a)thechanging
makeupofthepopulationasthepercentageofelderlypeopleincreasesandtheoveralpopulation
decreasesand(b)measurestopreventglobalwa血 gdecidedatthe1997KyotoConferenceOn
-224 -
GlobalWarming(COP3)･Otherfactorsweretobeconsideredasthoughpresenttrendswould
cominue,howevernoparametersweresetregardingeconomicgrowthrates.
b.T71ePerspectiveonHumanNeeds
Areferencetogovemmentwhitepapersindicatesthatfactorswhichimpactdeeplyonhuman
lifestyles,housing,anddiet,thingswhichcomprise"CitizensLifestyles",Can bebrokendowninto
12Categolies･
Factorsrelatedtothebackgroundnatureofsociety:1)Householdeconomics,2)dailyliving,3)
education,4)planningforsocietyconsideringoldandyoung,menandwomen,and5)social
Insurance,
aswelasfactorsrelatedtocitizens'lifestyleneedsandscienceandteclmology:6)maintaining
healthandmedicaltreatments,7)diet,8)housing,9)householdwastedisposal,10)information,11)
safetyand12)society'slifestylerelatedcapital.
C･MethodofAnatysis
l)Theissuesthatwilberelevantoverthemediumandlongterm wereextracted,after
ascertamlngPasttrendsbasedondatacolectedintheabove12categories,makingcomparisons
withoverseascountries,ascertainingPublicoplnionbyreferencetopublicoplnionresearchsurveys,
andconside血gthesefactorsinrelationtothedevelopmentsofthegTaylngSOCietyand
environmentalrestdctions.
2)Submissionsandargumentsfromallayersinsocietyandexistingpoliciesregardingissues
relevantoye丁themediumandlongten wereconsideredandthedirectionsrequiredforeconomics,
systemizationandteclmologysortedout･Wh endoingthis,thepointofviewofordinarycitizens,as
users,wasglVenmaximumconsideration.
3)TechnologiCalforecastingproblemsinvariousareasofteclmologyastheyrelatetothe
issuesin7)-12)abovewereisolated,andanalyzedinthelightofsuchquestionsas,"Howmany
teclmologlCaltoplCSarelisted?","Howdotheexpertsassessthedegreeofimportanceofthese?",
"Wh enaretherelatedtopicslikelytobeimplemented?"and"Wh atisnecessarytorealizethe
requiredtechnology?'
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Theanalysisintohealthneedsisilustratedbelowtoserveasexamplesoftheresultsof
analysisundertaken.
Basicrecognidonandmediumandlong-termissuesrelatingtoznaintaiminghealthand
medicaltreatment.
a･Basicrecognitionandmediumandlong-ten issues
AlargenumberofpatientssuferfromdegenerativediseaseswhichrequlreaSubstantial
proportionofoveralmedicalexpendituressothatdegenerativediseaseshavebecomeamajortopic
regardingnationalhealthandmedical treatment･nlelargestcategoryofdegenerativediseasesare
diseasesaffectlngthecirculatorysystem,whichafect1.45milionpeople,16.4% ofthetotal
numberofpeoplerecelVlngtreatmentandconsuⅡnng5.1trilionyen,20.9%,makingitthesingle
mostexpensivepartofmedicalexpenditure.Theessentialfactorindealingwithdegenerative
diseasesisprevention,sothetoolsandsystemsmustbeinplacetoassistpreventativemeasuresin
people'slifestyiesandtheirindividualphysicalcondition.
Ahigh percentageofmedicaltreatmentisappliedtotheelderly.Whiletheelderly,people65
andover,compnse15%ofthetotalpopulation,theyrepresentone-quarterofthenumberofpatients
andpeoplereceivingmedicaltreatment.mesimplefactalonethattheproportionofsociety
comprisedofelderlypeopleisincreasing,meanSthatthemedicalinsurancesectorwilcomeunder
pressure.Conditonsanddiseasesmostprevaientamongtheelderlyareconditionsafectingthe
circulatorysystem(afecting69%ofpatients),conditionsafectingmusclesandbones(afecting
59%),andconditionsaffectingtheeyes(55%).h1993,2milionelderlypeoplewerebedriddenor
afectedbydementia.Thisnumberisexpectedtoalmostdoubleby2010to3.9milionpeople･To
preventelderlypeoplebecomingbedridden,itisimportanttoreformthosefacetsoftheirlifestyles
whichareinducingtheconditionandtotakeadequatesafetymeasurestopreventaccidentswhich
resultinbrokelbones.
Thenumberofpatientssuferingfrompsychologicalconditonsis480,000.Thetrendisfor
thisnumbertoincreaseaslifewithinmodemsocietybecomesmorecomplex.Thenumberofpeople
hospitalizedforpsychiatricconditonshasnowreached330,000,almostthesamenumberasthose
afectedbyconditionsafectingthecirculatorysystem.Onecharacteristicofpec-plesuferingfrom
psychiatricconditionsisthelonglengthoftheirhospitalizationperiod,whichexceeds300days.
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Almost50%ofpeoplefeelstressintheirdailylives,butinadditiontomedicaltreatment,itis
importantthattheknOwledgetoreduceexcessivestressisdifusedthroughoutsociety.
TbeabsolutenumberofpeopleafectedbyinfectiousdiseasessuchasAⅡ)Sandtuberculosis
isnotlarge,howevertheseconditionscouldbecomeabigthreat.Therearealargenumberof
peoplewhosuferfromallerglCCOnditionssuchashayfeverandatopicdermatitis.Hayfeverfor
exampleafects26%ofpeopleliVinginAkirunoCityinTokyoand21%ofpeoplelivinginChofu
City.Whilethesearenotimmediatelylife-threateningconditons,theydohaveasubstantialaffect
onpeoplebyreducingtheirqualityoflife.
Acrossmeboard,peopleratetheimportanceofmedicaltreatmentandhealthveryhighly.
Everydayhowevermorethan200,000peoplearerequiredto"Waitmorethan3hours"atahospital
toseeadoctorandmanyofthemfeeldissatisfiedwiththeirdoctors'explanationsregardingtheir
medicalconditonandthemedicinesadministeredtothem.Inadditiontobetercommunication,
whatisneededtoraisepatients'satisfaction,isimprovedeficiencyinthemedicalsystemthrough
electronicchartssharedbymedicalinStitutions,topreventpatientsbeingexaminedmorethanonce
forthesamething,andthepromotionofathomemedicaltreatmentsbasedoninformation
tec土mology･
Thereneedstobeastrongerrecognlt10ninthefutureoftheeconomiclimtations,the
limitationsonexpensivemedicaltreatmentsbeinglmpOSedonmedicaltechnology,aswereachthe
limtsofthemedicalinsurancesystem･Therearealsorestrictionsimposedbysocietyonthe
directionofcertainmedicaldevelopments,suchasethicalconsiderationswhichapplyinareasof
organ transplantsandgenetictreatments,necessitatingtheemergenceofadegreeofconsensus
withinsocietyasawholebeforefurtherprogresscanbemade.
b.AssessmentsRelatedtoTechnologyForesight
AreaswhichhaveahighdegreeofimportancefortechnologiCal forecastsurveysare
"Preventionandtreatmentofdegenerativediseases","Conditionsafectlngtheelderly",and
l'hfectiousdiseasesandallergleS'whileHRaiSingthedegreeofpatients'satisfactionl'and
lTPsychologicalandemotionalconditions"areofarelativelylowimportance.Efectivemeasuresin
theseareasarenotforecasttoberealized,forthemostpart,untilbeyond2010.nLereisan
extremelyhighneedforthegovemmenttoimplementmeasuresto.'Fosterhuman resources'1and
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'Govemmentfunding'isrequiredforpartofcancerrelatedtreatments..℃thicalconsiderationsand
efectsonsociety"couldberaisedasan areaofconcem,whichisagoodilustrationofoneofthe
characteristicsofforecashngintherleldofmedicaltreatment.
Amongthedegenerativediseases,thegreatestnumberofforecastmglSSueSCOnCem…cancer,'
an extremelyImportantconditon. Nonetheless,therewilprobablybeadvancesincancer
preventionandtreatment.Apartfrom cancer,therearebasicalyno丘xedforecastingIssues
regardingpreventionandtreatmentoromerdegenerativediseases,onlytheissueofgenetic
treatmentfordiabetes.mereisnomajorissueregardingpreventioneither.
Manyforecastissuesregardingconditionsafectingtheelderly,concemAlzheimerTsinduced
dementia.Thisisanextremelyimportantareahoweverthedegreeofdifficultyassociatedwithitis
reflectedbythelatenessoftheperiodinwhichefectivemeasuresareforecasttoberealized,2016.
Researchinthisareaneedstobespeededup.Acertaindegreeofunderstandingregarding
forecastlngIssuesaboutaginghasbeenachieved,howeverthisisyettomaterializeinhealth
management･
Asanexampleofmeasurestodealwi血mentalandemotionalproblems,implementationof
preventativemeasuresagainstStressinducedpsychologicalproblemswiloccurfrom2011,scorlng
arelativelylow60inthedegreeofimportancescale.Developmentofmedicaltreatmentstocombat
schizophreniawinbelateincomlng,intheyear2018.
ThedevelopmentofanHⅣ vaccineandAIDStreatmentisextremelyimportantbutavaccine
isnotforecasHoberealizedbefore2007andefectivetreatmentsuntil2009,bo血 relativelyfast
timefraJneS.HayfeverandallergleSarealsoimportantconditonshoweverefectivesolutionsare
forecasHooccurslowlyanditisnecessarytospeedupresearchintoaleviatlngthedificulties
causedtothequalityoflifeofsuferers.
An IDcardsystemincorporatlnginformationabouthealthandmedicaltreatmentwilbe
implementedfrom 2006.Forecastissuessuchasavirtualtravelsystemforusebybedridden
people,medicalcheckupsconductedatpeople'shomes,noninvasivesurgeryandpaincontroletc･
althoughassessedoverallasbeingofrelativelylowimportancearelikelytobeimplementedquite
soon.TherearefewissuesregardingralSlngthelevelofsatisfactionandtrustfeltbyordinary
consumersofthesemedicaltreatments.(Cf.丘g.1)
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Fig.1 ImportanceinthesixthDelphiSurvey
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Note:'High'1meansboththedegreofimportanceandnumkrofproblemsisaboveaverage･
'Medium'meanseitherthedegreofimportanceornumberofproblemsisatx)veaverage.
"Lowr'meansboththedegreeofimpotanceandthenumberofproblen娼isblowaverageorthereareno
technologyforesightissues(under山にd).
Average:forthedegreeOfimportance,62･listheaverage丘omthetotalnumtx=r,1,072,0ftechnology
foresigtd:issues.
TbeefectsofteclmologiCal advancementsmustbeassessedfrom medical,socialand
economicperspectives･Newdevelopmentsinmedicaltechnologywilhavetroublebeingwidely
acceptediftheyincurhighcostsorpresentethicalproblems1
7areasofpeople'Slifestyleneedshavebeenraisedasareaswhicharehighlyrelatedto
scienceandteclmologyasshown bytheresearch Theteclmologyforesightfieldsapplyingtothe
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extractedwhichcoverthose7
areasarerepresentedinFig.2.
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Fig.2 RelationbetweenPeoples'Needsand
TechnologlCalTopicsofDelphi
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people'slifestyleneedscovereverythingappropriately.hfrastructure/Commonteclmologyapplies
toeachofthe7needsareasaJldliferelatedareasareconcentratedinthefieldsofimprovinghealth
andmedicaltreatmentanddietaryneeds.Environmentrelatedareasa托nOtinvoIvedwiththefields
ofimprovinghealthandmedicaltreatmentbutdietaryhabitswerechosenasissuesrelatedtohealth
andtheenvironment･Itcouldbesaidthatinformationrelatedareasplayan importantroleinal
fields,butthisisextremelysmallintheareasofimprovlnghealthandmedicaltreatment,diet,
housmgandwastedisposal.
Naturally,mostteclmologyissuesandteclmologiCalapproachesaresetforareaswhereneeds
arethestrongest,buttherearecasesofimportantneedswhichdidnotnecessarilyhaveahigh
numberofteclmologyissues.hmostcases,newtechnologiesarenotrequiredtodealwithsuch
needsorthedecidingfactorisnotteclmologybutwhethersystemsareprepared,andthereareactual
exampleswhereproblemsdonotgetsolvedunlesseachindividualrslifestyleisnotchanged.h
termsofthewaysofextractlngtheissuesdiscussedpreviously,thesecouldbecitedascaseswhere
itisverydificulttoconstmcttheissues.
Teclmologyforecastsurveysbeingan exercisein longterm forecastlngOfscienceand
teclmology,activelyidentifyingthesekindsofneeds,andwhennecessary,establishingdiferent
categoriestopreviouslyidentified-TeclmologylSSueS',isanimportanlandsignificantrequlrement.
3･PlanForthe7thTechnologyForesightSurvey
TYLe7thTechnologyForesightSurveyishostedbyhstituteofScienceandTechnologyPolicy
andinvestigationsareproceedingatthisstage.Thenewpointsdesignedforthesurveydecidedby
theSteeringComi teeareasfolows.
PointsrOr血e7仙Suryey
1)Explicitintroductionof"needsapproach'
Wh ensetingteClmologiCaltopicsandanalyzingtheresults,includeviewpointsfrom
expertsfromdisciplinesotherthanthephysicalsciences.
2)SetingupofseⅣicesectoralpanels
Inadditontoreconsideringthestructureoffieldsaspreviouslydecided,includeavariety
ofseⅣiceandbusinessmodelswithoutrestrictmgthethingssurveyedwithinastrictde丘nition
ofthemeaningOftechnology.hconcretetensthismeanscombiningdevelopmentstowards
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informationandthegrowthofservicesectorswithintheeconomytoestablishnewindependent
categoriesinthefieldsofdistribution,management,businessandservices.
3)Surveyparameterscorrespondingtothecharacteristicsofeachfieldgroup
Establish'Majorgroup"whichcoverfieldsthatarerelatedorofasimlartype･By
establishingsurveyltemSWhichsuitthecharacteristicsp∝uliartothemajorCategoryapartfrom
thosesurveyItemsWhicharecoⅡunOntOalfields,questionscanbedesignedwhichascertainthe
chamcteriSticsofthemajorCategoryandmaintainsomedegreeofcoordinationwithinit.
4)RinkbetweenneedsandteclmOlogy
ItemiZeneedsasrequiredfrom societyandtheeconomy,andassessthedegreeof
importanceatachingtothoseneedsitems.AssessmentofthedegreetOWhichtechnologytopics
fromeachfieldapplytothoseneedsandhowtheycancontributetothemisalSorequired.
5)Introductionofnon-teclmologiCaltopics(inStitutionalissues,lifestyleetc.)
Issuesasidefrc-mtheteclmolc-giCalneedtobeestablishedasnecessary,infieldsinwhich
elementsotherthanteclmologicalelementshaveasubstantialimpact.Forexample,inthefield
oftheenvironment,itemsregardingsystems,suchastheintroductionofan environmentaltaLX
couldbeaddedforinvestigation.
Fieldscovered,majorCategoriesandSurveysystems
Basedonthethinkingoutlinedabove,6majorgroupsOfteclmology,encompassing14fields,
andamajorcategoryforsocioeconomicneeds,encompassing3fields,areestablishedtoprovidethe
fieldsthatmakeupthesubjectofthesurvey.
･Teclmology
hfomationgroup: 1)infomationandcoⅡ皿unication,2)electronics.
Biogroup. 3)lifesciences,4)healthandmedicalcare.
Environmentgroup: 5)agriculture,forestry,fisheries,andfood,6)resources,energy
andenvironment,7)marinescience,earthscienceandspace.
Materialgroup: 8)materialSandprocessing.
hdustrygroup･. 9)production,10)distribution,11)management.
hfrastructuregroup: 12)urbanizationandconstruction,13)transportation,14)service･
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･Socialandeconomicneeds
needsgroup: 15)socio-economicsystem,16)agingsociety,17)safetyand
secmity･
ThesystemforadministeringthesurveywilbecomprisedofStecrlngComi tec,totake
overalresponsibilityandtechnologycategorygroupstocovereacharea.
MembersoftheSteenngComi teewilbedrawnfromthesurveymanagersfromthe
teclmologycategorygroups.TheSteeringComi teeoverseestheinvestigationoverall,deciding
surveypolicies,andpulingtogetherthefinalresults.TheteclmologiCalpanelspreparethe
backgroundforinvestigationandtheirfields,establishsurveytopics,selectsurveyrespondents,
analyzesurveyresultsandpreparereports.Wh enestablishingsurveytopics,thoseissuespresented
fromcategorygroupsinthesocioCconomicneedsareamustbeinvestigatedbeforecommencingthe
surveyinthefield.AlthesurveytopicsWilbeevaluatedwiththedegreeofpossibleapplicationto
eachneeditemonthelistpreparedbyneedspanels.
Needscategorygroupsarerequiredtoascertainissueswhichmustbesolvedbytechnologyln
thefutureandpresenttheirfindingsontheneedsitemsisolatedtotheteclmologygroupsin the
technologyarea.Ifpossible,theyalsomakesuggestionsonthesurveytopicsthemselvesatthistime
andsurveyplans,resultsanalysisandproductionofreportsisalsoinvestigatedwiththeaimof
understandingthedegreeOfimportanceofthevariousneedsitemsisolated.
NeedsApproachPanels
alistoffutureneedsitems
TeclmologlCalPan els
makingalistofcandidatetopics
1｣ - shtionin7blmologiCalbpi".
setingtechnologicaltopics
l
Identificationorimportant
needsitems
(Questionnairesurvey)
Delphisurvey
Combinationofanalyses
ontechnologiCaltrendSandonfutlreneeds
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4.Conclusion
Asexplained,thenewapproacheswilbeintroducedinthe7thTeclmologyForesightSurvey
andatpresentthosedetailsarebeingInvestigatedbytheSteermgComi teeandthepanels.h
conclusion,aswewelcomeinthe2lstcenturyandinterestbecomesincreaslnglyconcentratedon
forecastingthefuture,WeintendtomakeannotJnCementSearlyinthefirstyearofthenewcentury.
Therewilbesubstantialchangestothegovemment-ssystemsforadministenngscienceand
teclmologyfrom 2001requlnngthattheSteermgComi teeinvestlgateaCqulrlngPractical
informationfromnowon.
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ThirdGenerationForesight-IntegratingtheSocio-economicDimension
LukeGeorghiou,PolicyResearchinEngineering,ScienceandTechnology(PREST),
UniversltyOfManchester
Abstract
Thispaperatemptstocarryouta"meta-foresightanalysisIUsingtheUKexperlenCeaS
anexample,itofersamodelofthedevelopmentofforesightanddrawssome
conclusionsonitsrole.Themainhypothesisisthattherehavebeenthreegenerationsof
activltyWhichmeetthedefinitionofforesight.FirstGenerationforesightconsistsof
technologyforecasts.SecondGenerationforesightcombinestechnologyandmarket
perspectives,whileThirdGenerationforesightintegratestechnology,marketsandthe
socialdimension･Third Generation activityimpliesthepartlCIPation ofsocial
stakeholdersandhasanagendaofthematic,socio-economicproblem-solving.Inthe
currentsituationofmeetlngthechallengesofglobalisation,severalexerciseswhich
beganwithatechnologyfocushavecomebackwithrecommendationsthatfocusupon
theinfrastructurefornationalinnovationsystems.TherationaleforThirdGeneration
foresightistoaddresstheproblemofsystemfailure-insuficientbridginglnStitutions･
Thepaperconcludesthatforesightisnotasingleapproachtoasingleproblemnora
panacea･ApproachescontainaninherenttensionbetweenpromotlngnetWOrkingand
identifyingpriorities.However,withtheaidofintemationallearnlngforesighthashelped
tochannelscienceandtechnologytowardsthesolutionofnationalproblems.Infuture,
foresightwilneedtoaddresstheonsetofmassiveinterdisciphnarltyandnewresearch
paradigms･Ultimately,itseffectsdependuponhigh-levelpoliticalcomi tment,wide
partlCIPation,deeplnteraCtionandalong-term viewofthebenefits.
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I.htroductiOn
Thepastdecadehasseenrapiddevelopmentsinthedesignandpracticeofnadonal
teclmologyforesightactivites･Thispaperseekstooferamodelofthedevelopmentof
foresightasameansofunderstandingtherolesandfunctionsithasacquiredandabasis
forevaluatlngltSSlgnificance･ThespecificexperienceoftheUnitedKingdomisusedas
anexample.As astartlngPOlntitisimportanttohaveaworkingdefinitonofforesight･
IntheEnglishlanguage,thetermwasfirstusedtorefertostudiesofthefuturebythe
classicsciencefictionwriterH.G.Wels.InaBBCbroadcastinthe1930shecaledfor
theinstitutionof"professorsofforesight"who,inananalogousroletothatofhistorians,
would seektointerpretandmakesenseoffuturetechnologicaldevelopments･
Nonetheless,upuntilthe1980sthecommonterminologyforthefieldusedtheword
"forecasting".Theshifttoforesighthasnotbeenonlyasemanticone･ForecastinglS
associatedwithapredictive,slnglefutureperspectivewhileforesightwidenstheframeto
consideralternadvefultuesandthecreationofactionstogettothedesiredgoal･The
initaldefinitionusedinthefirstUnitedKingdomTechnologyForesightProgrammein
1984was:
AsysteMticmeansofassessingthosescientlJicandtechnologicaldevelopments
which,inthelongerteT7n,couldhaveastronglmPaCtOneconomicandsocial
development.
Thekeyelementsinthisdefinitionare:firstthatthepr∝essshouldbesystematic(going
beyondtheuns加cturedmusingsofapanel);secondthatscienceandtechnologyshould
beacentralfocus;thirdthatthetimeframeshouldtxlongerterm (aUKshorthandhas
beenthatlongertermstartsbeyondthebusinessplanninghorizon);andfourththatthe
developmentsshouldbeunderstoodintermsoftheirinter-relationshipwitheconomicand
socialdevelopments･Thislastcriterionhasbeencritcaltoforesightandwilbea
prlnCIPalthemeinthispaper･
Toconcludetheseintroductorycomments,itisworthconsideringthereasonswhywe
haveseenthisemergenceofforesight･Fromtheperspectiveofpolicymakersakeydriver
hasbeentheneedtosetprioritiesforfundingscienceandtechnologyinthefaceof
restrictedbudgets･Budgetconsb-aintshavecoincidedwithgrowlnginternational
competitioninscienceasthebiosciencesrevolutionand也econsequencesofinformation
andcommunicationstechnologiesdemandrislnginvestmenttokeeppace･Policy
thinkinghasalSorecognisedtheimportanceoffosterlngnetWOrkingintheeconomy･
Fromanindustrialperspective,themotivationisdiferent.Here,thesituationisthat
companiesoperatinginthe"networkeconomy"havetomanageinterfaceswith
customers,supphers,colaborators,regulatorsandotherstakeholders･Foresightoffersa
meansofcreatlngaSharedstrateglCVisionwhichhasthepotentialtoreducethe
uncertaintyinvolvedininnovation(Georghiou,1996).
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Oneru血erreasonfortheupsurgeinforesightactivltylSpSyChological･Theperiod
leadinguptotheMilenniumintheWestemcalendarStimulatedaninterestinthefuture
whichmayhavesmoothedthepathforthoseadv∝atmgtheneedforforesightactivlty･
2.ThreeGenerationsofForesight
Themainhypothesisofthispaperisthatthedevelopmentofforesightcanbeunderstood
intermsofthreegenerationsofactivlty:
･ FirstGeneration:Technologyforecasts,drivenmainlybytheinternaldynamicsof
technology;
･ SecondGeneration:Foresightintechnologyandmarkets,inwhichtechnological
developmentisunderstoodinrelationtoitscontributiontoandinfluencefrOm
markets;and
･ ThirdGeneration:inwhichthemarketperspectiveisenhancedbyinclusionofthe
socialdimension,meanlngtheconcemsandinputsofsocialactors･Asimilar
concepthasemergedinresearchpolicymorebroadly,notablyintheEuropean
Union'sFifthFrameworkProgram e(CaracostasandMuldur,1997).
Itshouldbestressedattheoutsetthatthesedistinctionsareidealtypes･Mostforesight
prograrnmespastandpresentcontainelementsfrommorethanoneofthegenerations･
Thedevelopmentalmodelbearssomeanalogytoprogressinhowwethinkabout
innovation,wherethehnearmodelofteclmOlogytransferhasnowbeenrecognisedasa
rarespecialcase.SecondandThirdGenerationfわresightaremoreakintotheMode2
hypothesisofGibbonsetal(1994),whocharacteriseresearchofthistypeasbeingca汀ied
outin也econtextofaproblemaddressedmroughmejolntproductionofbowledge･
Exploringsomeofthedimensionsofthedifferencesbetweenforesightgenerations,We
mayfirstturntotheactorsinvolvedintheprocess･FirstGenerationforesightisclearlyin
thedomainofthetechnologicalexpertsandmayevenbeconfinedtotheprofessional
futurologlStS.IntheSecondGenerationthekeyactorsarefromacademiaandindusb.y,
particularlythosewhoareabletospanthegapbetweenmem･ThirdGenerationforesight
addssocialstakeholderssuchasvoluntaryorganisations,consumergroups,pressure
groupsetc･Inaddition,thepresenceofgovernmentbecomesmoreimportant,notfrom
thosepartsresponsibleforsciencebutfromMinisbieswhichseektorepresentthepublic
interestonmaterssuchashealth,safetyandtheenvironment.
Itfolowsfromthesediferencesinfocusthatthegenerationsshouldresultindiferent
structuresforforesight,forexampleinthewaypanelsorsurveysaredelineated･First
Generationfolowsdirectlythedisciplinarytaxonomiesofscienceandenglneerlng･
SecondGenerationismuchmorelikelytobestructuredintermsifindustrialandservice
sectorstoprovideabridgetotheeconomy･ForThirdGenerationforesighttheorganislng
principle,asmentioned,issocio-economicproblemsolvingandhencethestructureis
thematlC,reneCtingsocio-econo血cproblemstobeaddressed･hterdisciplinarltyislikely
tocharacterisepanels･
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FigureIOverviewofForesightMethods
Expertise Interaction
Alignment
Source:LoveridgeandvanderMeuleninCameTm etal
Themixofforesightmethodschosenmayalsovary.Figure1showsaclassificationof
foresightmethodsbetweenthethreepolesofcreativlty,eXPertiseandinteractiono
alignment.Whilealgenerationsofforesightusecombinationsofcreativltyand
consultationwithexpertise,onlytheSecondandThirdGenerationsintegratemethodsfor
interactionandahgnment.Thenoveltyofthispolehasmadeitthehardestonetoachieve
successfuly.
3･ForesightasaglobalPhenomenon
Theinternationaldimensionofforesightismanifestedbothintheprocessitselfandinthe
reasonsforestablishmentofnationalprogrammes.Figure2givesachronologyof
national andregionalforesightactivitieswith abasicclassificationschemewhich
separatesthosebasedmainlyonDelphifromthosebasedmainlyonotherapproaches
suchaspanels,scenariosorcriticalteclmologiesexercises.Athirdgroupcombinedthe
two･Thisseparationalowssomeoftheintemationallearn1ngexperiencestobetraced.
Thebest-knownexampleisthatofthe"familyb･ee"ofDelphisurveysorlglnatlngWith
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theJapaneseScienceandTechnologyAgency'S30-yearforecasts.Asecondsequenceis
thatofcritCalteclmologleSexercises,whileathirdusesscenario-basedmethods･The
fTlrStUKProgrammehasbeenusedasatemplatebyseveralmorerecentactivitesand
itselfwasinfluencedbyitspredecessors･Thetypicalpatem todayforaprospective
foresightprogrammeoractivitylStObeginbycomi ssionlnganinternationalreview･
Thismaybeseenasapositivedevelopmentsolongasthoseinvolvedrememberthat
eachnationalapproachisbothaidedandconstrainedbythenationalculture,ranglng
fromhighlevelaspectssuchasindustry-governmentrelationsthroughtobasicpractical
featuressuchastheatitudeofrespondentstoquestionnaires･
Figut.e2Mutuallearning-Selectedchronologyofforesight
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ItisnoticeablethatthegreatmaJOrltyOftheforesightactivitiesshownintheTableare
national･ Thisraisesthequestionofwhether,inasituationwheremarketsand
technologyarelargelyglobal,thereremainsarelevantrolefornationalforesight･Itis
unhkelythatunlquetechnicalinsightswilemergefromanynationalcommunltyOf
experts.Tounderstandthephenomenonofnationalforesightitisnecessarytotakeastep
backandtoconsiderwhatcompetitivenessmeansatanationallevel(ra血erthanthatof
theindividualfirm)AEssentialy,competitivenessatanationallevelislargelybasedupon
theabilityofacountrytoprovideanenvironmentwhichatractsandretainsfirms･Key
elementsofthisinclude:
' Ahighly-skiledworkforce;
' Astrongandcolaborativesciencebase;
｡ Afavourabletaxandregulatoryreglme;and
･ Aninnovativeandenb･epreneurialculture.
h thelightofthislist,foresightmaybeseeninadiferentway-asanexerciseh
drawinguponglobalvisiontoconfigurethenationalinnovationsysteminsuchawayas
itmaybestmeetthesecriteria･Thereisevidence血at血sishappenlngevenWhenitis
riotinitiallyintended.ForesightpaTlelsinmorethanonecounb･yhavebeengivenremits
withatechnologlCalorientationandnonethelesshaveretumedwi山recommendations
whichmainlyconcernthein&astructureembodiedinthelist･
4･TheUnitedKingdomExperienceasanExample
TheUKprovidesanexampleoftheevolutionofForesightthrough threegenerationsI
FirstGenerationactivitytookplaceduringthe1980swhentheprlnCipaladvisory
comi teeonresearchpolicy(ACARD,1986)undertookandpublishedanexercise
whichsoughttoidentifyHexploitableareasofscienceH･AprioritylistofteclmOlogleS
wasproducedthroughtheeffortsofthepanelbutlitlefolow-upensued･TheSecond
GenerationwasmanifestedinthefirstUKTechnologyForesightProgrammeannounced
in1993andrunnlngthroughto1998.ThisexplicitlysoughHobringtogethertechnology
andthemarket･Thedetailofthisexerciseiswelknownbutthepolntmaybeemphasised
byconsideringthekeyimageOftheprogramme,theatb'activenessandfeasibiltymatrix
producedbytheSteeringGroupinitsreport(Figl汀e3).Thetwodimensionsare
composedofelementsrepresentmgthemarketopportunitiesfortheUKandthescientific
andindustrialfeasibilityofachievingthem･
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Figure3MatrixofPrioritiesfromtheFirstUKForesightProgramme
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??
TheimplementatiOnphaseofthefirstcyclecouldbeseentobedemonstratlngthefeature
ofalignment･Someimplementationactivitieswereaimedprincipauyatdissemination-
hencethePanelsusedthemedia,workshopsandintermed血iessuchasprofessionaland
b-adeassociationstostagesome600eventsandtodistribute130,000reports.Onitsown
thisisapoorindicatorofeffectivenessasitsimplyaggregateslnPutS･However,Other
activitiesshowedclearerimpact-prioritiesemergingfrom theProgram ewere
embodiedinafolow-upfundingInitiative,theForesightChallengewhichatb-acteda
largenumberofapphcationswithindustryco-funding.AsubstantialamountofResearch
CouncilfundingwasalignedwithForesightpr10rities･Itisofcoursedifficulttoestablish
directcausalityasmanyinfluencesareinvolvedbuttheeffectofForesightonnew
initativeswasparticularlyevident.
AlignmenttookplacewithintheChauengefun°ingbidsbutcouldalsobediscernedata
higherlevel･AnimportanteffectcamewithotherGovernmentdepartmentsactlngtO
folow-upforesightintheirownspheresofresponsibility(forexampletransport,
constructionanddefence).Betercoordinationbetweengovernmentdepartmentsinthe
areaofscienceandtechnologywasalsoaresult.
A clearrewardfortheS&T communlty'ssupportforForesightcamein the
Government'SComprehensiveSpendingReview whenamajorincreaseinscience
fundingpartlyresteduponthecasemadethroughforesight･
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AsummaryevaluationoftheFirstCycleshowssuccessingalnlngWidespreadsupport,
producingprlOritieswhichmoughratherbroadweregeneralyaccepted,andmost
importantlystimulatingtheformationofnewnetworks.Problemswereinsuficienttime
allowedtodevelopmatureconclusions,com unicationproblemsbetweenPanelsand
betweenPanelmembersandnon-members.Therewasalsoatendencytopromote
"technicalfix"solutionseventhoughthemainproblemidentifiedwassocial･
Turningtothesecond(current)cycleoftheUKPrograJTme,efortshavebeenmadeto
ad血esssomeofthelimitationsofitspredecessor･hsodoing,SomeThirdGeneration
featuresareevident.InthiscasethekeyimageofthePrograrmeisoneofalignment
(Figure4).
Figure4StructureofUKSecondCycleForesightProgram me
Source:BlueprintfortheNextRoundofFoTleSightOPiceofScienceandTechnology
Whilesomesectoral(technology/market)Panelsremain,threeThematicPanelshave
been introducedin theareasoftheagelngpopulation,crimeprevention and
manufacturing･Thefirsttwoatleast(andinpracticethethird)focusons∝ialchangeas
aprimarydriverandseektointegratethiswithteclmologyandthemarket.Thethemes
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areproblem-centredanddemandinterdisciplinaryapproaches･Anewformofalignment
takesplaceatthebotomofthebianglewhereexternalbodiessuchastradeassociations
canrun"AssociateProgram es'inforesightspecialisingintheirownareasandwitha
generalendorsementfromtheProgramme.Apotentialfutureproblemmayemergein
decidinghowtotreattheoutputsofAssociateProgram es.Thefactthattheyhave
mountedasub-programmedoesnotmeanthattheirareaautomaticalybecomesaprlOrlty･
TheremaybesomeeventualdisappolntmentWhenthisisrealised.
5.EvaluatingtheForesightGenerations
Thethreegenerationsofforesightmayalsobedistinguishedbytheeconomicrationales
whichunderpinthemandbytheapproachwhichshouldbetakentoevaluatethem･First
GenerationForesightrestsinthedomainofeconomicplannlng･SecondGenerationis
withinamarketperspechvebutitsrationaleforexistenceisoneofmarketfailure-that
rlrmShaveexcessivelyshorthorizonsandthatinterventionisnecessarytostimulatethem
totakealongerviewandconsequentlytoaffordahigherprlOrltytOreSearCh･InThird
GenerationForesighttherationaleisoneofsystemfailure,wherebythereareinsufficient
bridginginstitutionsinthes∝io-economicsystemandforesightprovidesanarenain
whichthenecessarynetworkconnectionscanbemade.
As foresightprogrammesmaturethereisagrowingdemandforthemtobeevaluated･In
FirstGenerationforesight,evaluationisconcernedwi血theaccuracyofpredictionand
thediffusionofresults･Forthefirstcriterionsomeformofpeerreviewisneeded,while
thesecondemploysatechnologyb'ansfermodel･
SecondGenerationforesightentailssomecheckingoftheextenttowhichprioOrirties
havebeentakenupbutitsharesWithThirdGenerationforesightaneedtoevaluatethe
formationofnewnetworks.Inthelatercasethesenetworkscouldbemorebroadly
foundedandincludesocialstakeholders.Anelusiveconcepttoevaluateisthe
establishmentofaforesightculture.Thisisbestaddressedbylookingforpersistent
foresightactivltyamongformerparticIPantS･ Thewholeprocessofevaluationis
complicatedbythedependenceofforesightuponthegoodwinofvolunteers,Soany
approachtoevaluationmustremainunintrusive･
6.Conclusions
Thefirstconclusiontobedrawnfromreviewingforesightexperiencetodateisthatitis
neitheraslngleapproachtoaslngleproblemnorapanaceaforal1nationalproblems.The
varietyofforesightexperiencesdemonstratesthatnoonemethodorstructureisbest-the
choicemustreflectbothfitnessforpurposeandthenationalcultureinwhichitissituated･
htemationallearmnghasundoubtedlyadvanced血edevelopmentofforesightthrough
theSecondandThirdGenerationsduringthe1990S.TheonsetofThirdGeneration
thinkingemphasisestheneedforscienceandtechnologytoserveboththeeconomyand
society･The future problemsfaced demand "massive interdisciplinarity" (the
combinationofwidelydifferentsubjects)andinsomecasesanewresearchparadigm
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whichintegratestheneedofemergentsectorsoftheeconomy.Thisdoesnotnegatethe
earlierconclusion thatthechoiceofapproach inforesightmustsuitnational
circumstancesandifnecessarydraw uponelementsofFirst,SecondandThird
Generationforesight.
Noprogrammecanbeoptlmisedforalobjectives.Inparticular,thereisaninherent
tensiontxtweenthepromotionofnetworkingandtheexBactionofprioritiesforfunding･
Themoreinclusiveandalignmentorientedaprogrammeis,themoredifficultitisensure
thatalemergentideasaresystematicallycomparedandbleatedhierarchically･Indeed,an
atempttodothismayinhibitcouaboration.
Asimplewaytosum arisetheconditionsforsuccessinforesightis血eneedfor:
● HIGHlevelcommitment
' WIDEparticipation
● DEEPinteractionanda
+ LONGtermviewofbenefits.
References
ACARD,1986,ExploitableAreasofScience,(London:HMSO)･
1996.
CameronHetal,ReporttotheCommissionoftheEuropeanCommunities,1996
CaracostasPandMuldurU(1997)Societytheendlessfrontier-aEuropeanvisionof
researchandinnovationpoliciesforthe21S'centuTy,EuropeanCommissionEUR17655
Georghiou,L,1996,"TheUKTechnologyForesightProgramme",Futures,Vol･28,No･4,
pp.359-377.
GibbonsMetalTheNewProductionofKnowledge,SageBooks,1994
ー 2 44 -
Closlngaddress
●
Closingaddress
Prof.SipphanondhaKetudat
(Chairm anofBoardofDirector
,NESDB,Thailand)
Mr.Chairman,Mr.DirectorGeneraloftheNationalInstituteofScienceandTechnology
PolicyoftheScienceandTechnologyAgencyofJapan,Mr.JiroShibata, astheco-directorof
theAPECcenterforTechnologyForesight,Dr･ChatriSripalPanistherepresentativeofTsukuba
Expo85MemorialFoundation,distinguishedspeakers,honorablechairpersonsandpartlCIPantS,
ladiesandgentlemen.,Itisindeedanhonorandaprivilegetobeinvitedbytheorganizersof
NISTEPatthisintemationalconferencetogiveaCloslngaddress.
SinceI'mnotasyoungasIlook,mayIsitdown,Withyourpemi ssion,Iwilkeepgolng,
sitingdown- Beingclosetoseventyyearsold,probablytheoldestinthisAugustgathering
here,itisaprivilegetobeold. IaccepHoperformthispleasantduty,butdonotworry,Iwil
nottakemorethanfive,maybesevenminutesofyourprecioustime･Overthepasttwodays,
WehaveexchangedourexperienceonForesightamongfourteeneconomies,theEuropean
Unionandmulti-Countrystudiesandtheircommonelements. Wehaveleamedfrompnma
donnasaroundtheworldonForesight.
TbeForesightsandScenario-buildingarenotlimitedtotechnologyonly,butcanbe
extendedovertoeconomic,social,enhancedqualityoflife,sustainabledevelopmentand
societalwel1-beingasawhole. Foresightisademocratic,partlCIPatOryProcess.Itisa
strategicProcessWherebystakeholdersshareandinterchangetheirideasasequals.Itisnot
Justathinktankbutathink-and-dotank,accordingtoJohnWood.Itisnottheendproduct
thatwewanttoachieve,butitisastrategyprocess.Ifimplementationorthed`o'component
istobeassured,Foresightshouldnotonlycomefromexpertsbutwideaspossibleparticipation,
particularlyfrom politicalarenashouldbeinvolved.Afew decadesagoIlean edabout
ForesightcarriedoutbyJapan. Alsoduringthattime,I,myself,asaphysicistandplanner,
workedcloselywithafriendofmine,ananthropologistfromStanfordUniversityindeveloplng
methodologyforethnographicfutureresearchorEFR.hbuldingscenarios,theoptlmistic,
thepessimsticandthemostlikelyscenariosforThailand.An dconditonswhereweshould
makemostprobablescenarioworks. IleanedForesightandtheEFRarequlteSimlar.
Diferentonlyintechniques,differentintime,diferentincomponents,ofpec･pleinvolved.
hThailand,weareuslngmanycombinationsofconsultations:*AIC*appreciation,influence
andcontrol,Foresights,Scenario-buildingandDelphimethodology.Furthemore,allthefifty
yearsofmyfulworkinglife,inacademic,ingovemment,inbusinessandinpolitics.I
wonderwhyJapaJl,havinganoldandancienthistory,conservativeandhierarchicalculture,has
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progressedsofastsincetheMeijiReform overahundredyearsago.Andevenatafasterpace
duringthislasthalfofthiscentury.
nepastfewdays,threwmesomelight.Maybeitisthefuturelook,itistheForesight,it
istheDelphimethodologiesthatmakesJapaneseculture,Japanesesocietymovesofast･Itis
thethink-and-dobythoseinvolved,asequals.Ihaveleanedoverthepasttwodays,触)m
pnmadonnas,thatwhiletheoryandmethodologiesofForesight,the'think'part,arerelatively
universal,holisticvisionsofaltematives,*of*future.Butthepractice,orthe'do'partis
locational,lemporallyandculturallyspeci丘C. Butbethatasitmay,amulti-∝onomy,
multitulturalstudiesorforesightsarepossible.Wecan alwaysleam from eachother's
experiencesandapplyittoourrespectiveeconomiesandcultures･Theadvantagesand
disadvantages,limtationsoftheDelphishavebeenwelelaborated.Itishearteningtonote
thatinthepasttwodays,血atthecommunityofForesigbtershasbeenexpandhgandwehave
proposalsthatweshouldhaveanAPECTechnologyForesightNetworksothatwecanalllean
fh)meachother.Furthermore,Onthisnote,atlastnight'sreception,Mr.Shibatasuggestedthat
weform an intemationalclubofForesight.An informalone,orformalone,asyoulike,
becauseJapanesecan beeitherway.Theseclubswouldmeetaboutonceayearindiferent
countries,diferentlocations,toleanfromeachotherandtoseeeachother'sprogress.
Iagreefulywith bothproposalSandIthinkthatMr.Shibatashouldbethe丘rst
pLTeSident,.‥shouldtherebeone.Ladiesandgentlemen,onbehalfoftheorganizers,mayI
thankallspeakers,chaimen-chairpersons,participants,andinterpreters,formakingthis
conferenceverystimulatingandproductive.Andonbehalfofallparticipantshere,SinceI'm
oldest(Icansaythat)andonmyownbehalf,expressmydeepappreciationtotheorganizers,to
thec0-Organizers,particularlytoourhost,NISTEP,Mr.Shibata,hisstaf,andallthosewho
workedbehindthescenesforinvitingustothisconference,forprovidinguswiththe
opportunitiestolean from eachother,*of*thisstimulatingdiscussion･ Thegenerous
hospitalityextendedbyallofyouaremostappreciated.Idon'tknOwhowtoretumtheseto
youshouldyoudecidetomeetinTbailand.Itisindeedacontinualnetworkoraprototypeofa
knowledgepoolthathasbeendiscussedinthisAugusthall.Inclosing,mayIwishallthose
whocomefromabroad,haveapleasantandsafejoumeyhome.
MayIalsowishthesuccessfortheAPECCenterofTechnologyForesightandForesight
activitiesinthefuturearoundthisplanetearth.Ilookforwardtothenextintemational
conferenceonForesight,somewhereinthisworld.Ialsoleaned,particularlyfromJapan,in
onesentence,thefuturebeganyesterday.ThetimeisnowauspICIOuS.MayIadjoum the
meetinganddeclarethehtemationalConferenceonTechnologyForesight一meApproachTo
andthePotentialforNewTechnologyForesight...closed. ********,mataaimashou,tsai
chien,auwider***,seeyoulater,sayonara,thankyou,angatougozaimashita.
-246-
--ThankyouverymuchProfessorSipphanondhaKetudat.SowiththisIwouldliketoadjoum
thistwodayconference.Andasfortheparticipants,Iwouldliketosaythankyouonceagaln
foryourkindatention.Haveagoodtriptoyourhomecountries,thankyouverymuch.
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